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This Intelligent Power ICs Databook represents the full line of Harris Semiconductor 
Intelligent Power products for commercial, industrial and automotive applications and 
Supersedes previously published Intelligent Power product databooks under the Har- 
ris, GE, RCA or Intersil names. For a complete listing of all Harris Semiconductor 
products, please refer to the Product Selection Guide (PSG-201.21; ordering infor- 
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INTELLIGENT POWER PRODUCTS 


Harris Semiconductor is a pioneer in developing and producing advanced Intelligent 
Power products for the most demanding commercial, industrial and automotive appli- 
Cations in this world -- and beyond. 


This databook fully describes Harris Semiconductor’s line of Intelligent Power prod- 
ucts. It includes a complete set of data sheets for product specifications, application 
notes with design details for specific applications of Harris products, and a descrip- 
tion of the Harris quality and high reliability program. 


Harris Semiconductor also offers an extensive liné of power discrete components. 
These devices (MOSFETs, MegaFETs, L?FETs, enhanced-mode insulated gate 
bipolar transistors, ruggedized power MOSFETs and advanced discrete) can be 
found in the Harris Power MOSFETs and Harris MCT/IGBT/Diodes catalogs. 


This book is divided into 15 major sections. Section 1 contains general information. 
Sections 2 through 10 cover each major category of devices offered by Harris Intelli- 
gent Power. Section 11 provides additional application notes to supplement the data 
sheets. Harris Quality and Reliability, Packaging Information, AnswerFAX and Sales 
Offices appear in Section 12, 13, 14 and 15, respectively. 


It is our intention to provide you with the most up-to-date information on Intelligent 
Power Products. For complete, current and detailed technical specifications on any 
Harris devices please contact the nearest Harris sales, representative or distributor 
office; or direct literature requests to: 


Harris Semiconductor Literature Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-724-7240 


See Section 14 for Information Available on AnswerFAX, 407-724-7800 


Harris Semiconductor products are sold by description only. All specifications in this product guide are 
applicable only to packaged products; specifications for die are available upon request. Harris reserves the 
right to make changes in circuit design, specifications and other information at any time without prior 
notice. Accordingly, the reader is cautioned to verify that information in this publication is current before 
placing orders. Reference to products of other manufacturers are solely for convenience of comparison 
and do not imply total equivalency of design, performance, or otherwise. 
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TECHNICAL ASSISTANCE 


Harris Marketing Support Services (HMSS) 


HMSS provides world-class service to customers requiring information on all products offered by Harris 
Semiconductor. Ask Harris Marketing Support Services for answers concerning: 


¢ Product Identification ¢ Distributor Stocking Levels 
¢ Availability ¢ Requests for Literature and Samples 
¢ Competitive and Obsolete Cross-Reference 


HMSS services are available from 8:00am to 8:00pm EST. Within the United States, call 1-800-4HARRIS. 
Callers from outside the United States, dial (407) 727-9207. 


HMSS is the initial contact for customers who need technical assistance with the selection and use of 
our products. Callers have the option to be connected directly to the Central Applications Group. 


Central Applications 
Ask our experienced staff of engineers for assistance with: 


¢ Device Selection 
¢ Specification Interpretation 
e Applications for Any Harris Product 


Central Applications serves you Monday through Thursday 8:00am to 7:00pm and Friday 8:00am to 
5:00pm EST. Within the United States, call 1-800-4HARRIS. Callers from outside the United States dial 
(407) 727-9207. 


Central Applications’ knowledge of our portfolio can provide you with a total system design solution 
using the latest Harris devices! 


Electronic Technical Support 
Electronic services from Harris Semiconductor offer you the most current information possible. 


www-.semi.harris.com http://www.semi.harris.com 
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¢ Product Information 
e Design Support 
¢ Contact Information 


(407) 724-7800 


e Latest Literature Revisions 
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¢ Data Book Request Form 
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¢ Technical Application Assistance & APS 


PRODUCT STATUS DEFINITIONS 


DEFINITION OF TERMS 


DATA SHEET 
IDENTIFICATION PRODUCT STATUS DEFINITION 


Advance Information Formative or in Design This datasheet contains the design specifications for 
product development. Specifications may change in 
any manner without notice. 


Preliminary Pre Production Samples This datasheet contains preliminary data, and supple- 
Available mentary data will be published at a later date. Harris 


Semiconductor Corporation reserves the right to 
make changes at any time without notice in order to 
improve design and supply the best possible product. 


No Identification Full Production This data sheet contains final specifications. Harris 
Noted Semiconductor Corporation reserves the right to 
make changes at any time without notice in order to 
improve design and supply the best possible product. 
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PRODUCT CODE EXAMPLE 
PART NUMBER 


H | P 2 <) 0 0 P 


PREFIX FAMILY VOLTAGE PACKAGE 
H: Harris IP: Intelligent Power Multiply by 10 for Capability P: Plastic DIP 
V: High Voltage (i.e. 50 = SOOV B: SOIC 
If Negative (-) is Used for First S: Power SIP 
Digit, Do Not Multiply by 10 M: PLCC z 
(i.e. 5 = 5V) . — pens 
J: Ceramic DIP <-E 
ccd 
TOPOLOGY W: Wafer uw ze 
0: Low Side Switch D: Die W ro) 
1: High Side Switch = 
2: Half Bridge 
3: AC/DC TEMPERATURE 
Converters A: Automotive 
4: Full Bridge (-40°C to +150°C) 
5: Regulator/Power C: Commercial 
Supply (0°C to +70°C) 
7: Multiplex I: Industrial 
Communication Circuit (-40°C to +85°C) 
9: Special Function M: Military 
(-55°C to +125°C) 
D: EDP 
(0°C to +85°C) 
SEQUENTIAL 
NUMBER 
Based on Order of 


Development 0-9 
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Intelligent Power Products Cross Reference List 


COMPETITOR | HARRIS PIN/ ln 
PART PART FUNCTION 

NUMBERS | NUMBERS | UPGRADE | COMPETITOR 

ICL76601JA 

ICL7660ITV Upgrade/Pin 

ICL7662CBA 

ICL7662CBD 

ICL7662CPA-2 

ICL7662CTV 

ICL7662MTV 


ICL7663ACPA | ICL7663SACPA 


COMPETITOR HARRIS PIN/ 
PART PART FUNCTION 
NUMBERS NUMBERS | UPGRADE 


COMPETITOR 
AM723HC CA0723CT 
AM723HC LM723CH 


AM723HM CA0723T 


AM723HM LM723H 


HV3-2405E-5 


HV3-2405E-9 | Upgrade/Pi 

CA3089E 

CA3189E 
[sticonix 


ATT2405 


: 
Qo 
+ 


ATT2405 
CA3089 
CA3089N CA3089E 


CA3189N ICL7663ACSA | ICL7663SACBA 


ICL7663AIJA 
ICL7663AITV 
ICL7663BCPA | ICL7663SACPA 

ICL7663BIJA 
ICL7663BITV 
ICL7663CPA 
ICL7663CSA 
ICL7663CTV 
ICL76631JA 
ICL7663ITV 
ICL7665ACJA 


ICL7665ACPA | ICL7665SACPA 


CC192 
D469ADJ 


D469ADJ HIP0081AS1 


CA3189E Hitachi 
ICL7660SMTV |UpgraderPin | Maxim | 
ICL7660CPA Pin [Maxim | 
ICL7660SCPA | Upgrade/Pin | Maxim | 
ICL7660CBA Pin [Maxim 
ICL7660SCBA |Upgrade/Pin | Maxim | 
Cle 
Mee 
Mem 
Mem 
Mem 
ee 
ee 


D469ADJ 


DS3658N 


> 
a 
[o%) 
NJ 
N 


DS3658N 
DS3668N 


HA12411 


HA12418 

ICL7660AMTV 
ICL7660AMTV 
ICL7660CPA-2 


ICL7660CPA-2 ICL7665ACSA | ICL7665SACBA 


ICL7665AEPA | ICL7665SAIPA 
ICL7665AIPA | ICL7665SAIPA 
ICL7665AISA | ICL7665SACBA 


ICL7665BCJA | ICL7665SACJA 


ICL7660CSA 
ICL7660CSA 


ICL7660CTV 


ICL7660CTV Pin | 
ICL7660SCTV 
ICL7660IPA Pin | 
ICL7660SIPA 
ICL7660IBA Pin 
ICL7660SIBA 
re 


NOTE: 1. * Indicates Specifications May Vary 


ICL7660CTV 


ICL7660EPA ICL7665BCPA | ICL7665SACPA 


ICL7665BCSA | ICL7665SACBA 
ICL7665CJA ICL7665SCJA 
ICL7665CPA | ICL7665SCPA 


ICL7660EPA 


ICL7660ESA 


ICL7660ESA 


ICL7660IJA 


ICL7660IBA 


Intelligent Power Products Cross Reference List (Continued) 


COMPETITOR HARRIS PIN/ COMPETITOR HARRIS PIN/ 
PART PART FUNCTION PART PART FUNCTION 
NUMBERS NUMBERS | UPGRADE | COMPETITOR NUMBERS NUMBERS | UPGRADE | COMPETITOR 


ICL7665CSA ICL7665SCBA L6221A CA3262AE Upgrade SGS Thomp- 


son 


ICL7665EPA ICL7665SIPA 


L6222 CA3262AE Upgrade SGS Thomp- 

ICL7665ESA ICL7665SIBA son 

ICL76651JA ICL7665SIJA LM100 CA3085 National Semi 

ICL7665IPA ICL7665SIPA LM100 CA3085AE Function National Semi 

ICL7667CBA ICL7667CBA LM100 CA3085E Function National Semi 

ICL7667CJA ICL7667CJA LM1391N CA1391E National Semi 

ICL7667CPA ICL7667CPA CA1394E National Semi J 5 

ICL7667CPA-2 | ICL7667CPA LM1921T HIP1030AS National Semi c < 

ICL7667CTV ICL7667CTV LM2111N CA2111AE National Semi ri S 
= 


ICL7667EPA ICL7667CTV LM3011H CA3011 National Semi 


ICL7667MJA ICL7667MJA LM3089N CA3089E National Semi 


ICL7667MTV ICL7667MTV LM3126N CA3126E National Semi 


ICL8211CPA ICL8211CPA LM3189N CA3189E National Semi 


ICL8211CSA ICL8211CBA LM3524 CA3524E National Semi 


ICL8211CTY ICL8211CTY LM723CN CA0723CE National Semi 


ICL8211MTY ICL8211MTY LM723CN LM723CN National Semi 


ICL8211MTY/ 
883 


ICL8211MTY/ 
883B 


LM723H LM723H National Semi 


LM723N CA0723E National Semi 


ICL8212CPA ICL8212CPA 


LM723N LM723N National Semi 


ICL8212CSA ICL8212CBA 


LMC7660IN ICL7660IPA National Semi 


ICL8212CTY ICL8212CTY 


LMC7660IN ICL7660SIPA | Upgrade/Pin | National Semi 


ICL8212MTV_ | ICL8212MTY 


LT1158 HIP4080IP Upgrade Linear Tech 


ICL8212MTV/ | ICL8212MTY/ 


883B LT1158 HIP40811P Upgrade Linear Tech 


IR2110 HIP2500IP LT1170CT HIP5061DS Function Linear Tech 


IR2110-2 HIP2500IP 1 LT3524J CA3524F Linear Tech 


IR2110S HIP25001B 


HIP55001B 
HIP55001P 
HIPS600IS IXYS 


CA3277E SGS Thomp- 


son 
NOTE: 1. * Indicates Specifications May Vary 


LT3524N CA3524E Linear Tech 


IR2155 LTC1044CD ICL7660IBA Linear Tech 


IR2155 LTC1044CD ICL7660SIBA | Upgrade/Pin | Linear Tech 


IXCP10M25 LTC1044CH ICL7660ITV Linear Tech 


L4939 LTC1044CH ICL7660SITV | Upgrade/Pin | Linear Tech 


foe) 
co 


LTC1044CLP-1 | ICL7660IPA Linear Tech 


Intelligent Power Products Cross Reference List (Continued) 


COMPETITOR HARRIS PIN/ COMPETITOR HARRIS PIN/ 
PART PART FUNCTION PART PART FUNCTION 
NUMBERS NUMBERS | UPGRADE | COMPETITOR NUMBERS NUMBERS. | UPGRADE | COMPETITOR 


MAX1044CSA | ICL7660CBA MC3399T 


HIP1030AS Motorola 


MAX1044CSA | ICL7660SCBA | Upgrade/Pin MC3399T Motorola 


MAX1044EPA | ICL7660IPA MC3399T HIP 1090AS Motorola 


MAX1044EPA | ICL7660SIPA | Upgrade/Pin MC34152P ICL7667CPA Motorola 


LTC1044CLP-1 MAX663CPA-2 | ICL7663SCPA Pin | Maxim | 
Upgrade/Pin MAX663EJA _| ICL7663SAIJA Pin | Maxim | 
LTC1044CP jici76s0iPA | Pin =| Linear Tech MAX663ESA | ICL7663SAIBA Pin {Maxim | 
LTC1044CP MAX663ESA | ICL7663SIBA Pin | Maxim 

ieee econo * 

Ceeeaioal 

peizeeolra | 

Cee | 

ICLTEOOIBA «| 


MAX1044ESA | ICL7660IBA Maxim | mc34160P —‘| CA3277E 
Electronics 
in 
roaesaarancin [ro [ain 
raacen ea [ap [nin 
rasan avancry [rm [omin—— 
roa ara [paar in 
pera aca [Po [iin 
Ga sc od 
rasa [ena [oe [nin 
CA2524E SGS 
aes [rasa | naar in P| en 
pera sass [re [iin a 


NOTE: 1. * Indicates Specifications May Vary 


Intelligent Power Products Cross Reference List (Continued) 


COMPETITOR HARRIS PIN/ COMPETITOR HARRIS PIN/ 
PART PART FUNCTION PART PART FUNCTION 
NUMBERS NUMBERS | UPGRADE | COMPETITOR NUMBERS NUMBERS | UPGRADE | COMPETITOR 


SG3058J 
SG3059J 
SG3059N 
SG3079J 
SG3079N 
SG3524J 


SG723CN CA0723CE Pin 


Svan [eae [po 
a 
883B 883B 

Si7661CA 


Si7661CJ ICL7662CPA Pin | 
SI7661CY ICL7662CBD Pin 


Silicon General 
Silicon General 


Silicon General 
Silicon General 


Silicon General 
Silicon General 


Si9910DJ CA3262AE 


Si9910DJ <- 
ie 
SI9976CJ Upgrade ze 
SI9976CJ Upgrade Ou 


SG723CT 
SG723T 


Silicon General 
SG723T LM723H 
SiI7660AA ICL7660MTV 


Silicon General 
SI7660AA ICL7660SMTV | Upgrade/Pin 
n 


, SI9976DY HIP40801B 
, SI9976DY HIP40811B 
SN75437ANE_ | CA3262AE Pin | Texas Instr. 


SN75437NE ‘| CA3262E Pin | Texas Instr. 
SN75440NE_ | CA3242E }Function | Texas Instr. 


SN76242N CA3070 Texas Instr. 
SN76689N CA3089E Texas Instr. 


TBDO723 CA0723CT SGS 
Thompson 


TC4405CPA HIP4080IP Upgrade Teledyne 
TC4423CPA | ICL7667CPA Pin Teledyne 
TC4423MJA | ICL7667MJA Pin Teledyne 


TC4423MJA/ | ICL7667MJA/ Teledyne 
883B 


TC4432COA | HIP40801P Teledyne 


TCA3089 CA3089E SGS 
Thompson 


TCA3189 CA3189E Upgrade SGS 
Thompson 


TDBO0723 LM723CH SGS 
Thompson 

TDBO723A CA0723CE SGS 
Thompson 


SG723CN LM723CN Pin 


Silicon General 
SiI7660AA/883 | ICL7660MTV/ 
883B 


Si7660AA/883 | ICL7660SMTV/ | Upgrade/Pi 
883B 
i 


Si7660CA icL7e60cTv |} Pin Siliconix 

reece [ro [eo 
se erore [ue [See 
ras [ven [om [on 
ranean [pa sir 
raves [pe [or 


NOTE: 1. * Indicates Specifications May Vary 
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COMPETITOR HARRIS PIN/ COMPETITOR HARRIS PIN/ 
PART PART FUNCTION PART PART FUNCTION 
NUMBERS NUMBERS | UPGRADE | COMPETITOR NUMBERS NUMBERS | UPGRADE | COMPETITOR 


SGS CA0723CE Texas Instr. 


Thompson 


TDB0723A LM723CN pHA723CN 


pA723CN LM723CN Philips 


TDC0723 CA0723T TRW 


wA723CN LM723CN 


TDC0723 LM723H TRW 


pA723CN LM723CN Texas Instr. 


TPIC2801KV CA3282AS1 Texas Instr. 


pA723HC CA0723CT AMD 


TPIC2801KV CA3282AS2 Texas Instr. 


pA723HC LM723CH Motorola 


TPIC2802KV CA3282AS2 Function Texas Instr. 


pA723HM CA0723T Fairchild 


TSC4423CPA | ICL7667CPA Teledyne 


pLA723HM LM723H Fairchild 


TSC4423MJA_ | ICL7667MJA Teledyne 


pA723ML CA0723T Fairchild 


TSC7660COA | ICL7660CBA Teledyne 


pA723ML LM723H Texas Instr. 


TSC7660COA | ICL7660SCBA | Upgrade/Pin | Teledyne 


pLA723MN CA0723E Texas Instr. 


TSC7660CPA | ICL7660CPA Teledyne 


pA723PC CA0723CE Motorola 


TSC7660CPA | ICL7660SCPA | Upgrade/Pin | Teledyne 


pA723PC LM723CN Motorola 


TSC7660CTV | ICL7660CTV Teledyne 


pA780PC CA3070 Upgrade Fairchild 


TSC7660CTV | ICL7660SCTV | Upgrade/Pin | Teledyne 


CA3126E Fairchild 


pA787PC Upgrade 


TSC7662ACPA | ICL7662CPA Teledyne 


UC1524AJ CA1524F Unitrode 


U5R7723312 CA0723T Fairchild 


UC1524N CA1524E Unitrode 


U5R7723312 LM723H Fairchild 


UC3524N CA3524E Unitrode 


U5R7723393 CA0723CT Fairchild 


UDN2541B CA3262AE Sprague 


U6A7723393 CA0723CE Fairchild 


UDN2547EB CA3272Q Sprague 


U6A7723393 LM723CN Fairchild 


ULN-2111A CA2111AE Sprague 


pA1391T CA1391E Fairchild 


ULN-2124A CA3070 Sprague 


pwA1394T CA1394E Fairchild 


ULN-2287A CA3088E Sprague 


pA1394TC CA1394E Fairchild 


ULN-2289A CA3089E Function Sprague 


pwA3089E CA3089E Fairchild 


ULN-2289A CA3089E Function Sprague 


pA723CA CA0723CE Signetics 


ULN-2291M CA1391E Sprague 


pA723CA LM723CN Signetics 


ULN2111N CA2111AQ Sprague 


pwA723CL CA0723CT Texas Instr. 


ULN2212 CA3012 Function Sprague 


pA723CL LM723CH Texas Instr. 


ULN3889A CA3189E Upgrade Sprague 


wA723CN CA0723CE 


VI-7660-2 ICL7660CTV Datel 


pA723CN CA0723CE 


VI-7660-2 ICL7660SCTV | Upgrade/Pin | Datel 


NOTE: 1. * Indicates Specifications May Vary 
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Low Side Switches Selection Guide 


TYPE NUMBERS 
CA3272 
CA3242 CA3262 CA3262A CA3272A CA3292A 
BIPOLAR TYPES QUAD QUAD QUAD QUAD QUAD 


Max. Output | No Load 


Max. Rated asinine Load Current 


Max. Load Switching Voltage, Vcesus or 
VcLAMP Limited 


Output Thermal Limiting and/or 
Shutdown Protection (Temperature T,) 


Thermal Shutdown, Hysteresis 


Fault Indicator Flag 


Diagnostic Feedback 


Temperature Range 
-40°C to +(Max) °C 


TYPE NUMBERS 


CA3282 

MOSFET TYPES HIP0080 QUAD HIP0081 QUAD HIP0082 QUAD OCTAL 

Max. Output Voltage, No Load 36V Typ 80V Typ 80V Typ 32V Typ 
(Clamp) (Clamp) (Clamp) (Clamp) 


Max. Ron Output Resistance 


Max. Load Switching Voltage (Vcesus OF Vo_amp 27V 72V 

Limited) 
Output Current Limiting and/or Shutdown Protec- 1.8A 3.5A 2.7A and 5.7A 1.54 
tion (Latches-Off) (Latches-Off) (Latches-Off) (Latches-Off) 
Output Thermal Limiting and/or Shutdown Protec- +150°C +150°C +165°C (Flag) Ba 
tion, Ty 


Diagnostic Feedback es 
Temperature Range -40°C to +(Max) °C 125 125 
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a Se CA3242 


Quad-Gated Inverting Power Driver For 
April 1994 Interfacing Low-Level Logic to High Current Load 


Features Description 


e Driven Outputs Capable of Switching 600mA Load The CA3242 quad-gated inverting power driver contains four 

Currents Without Spurious Changes in Output State gate switches for interfacing low-level logic to inductive and 

; resistive loads such as: relays, solenoids, AC and DC 

* INPUTS Ponipal ine Wilh TH Grav Sais Logie motors, heaters, incandescent displays, and vacuum fluo- 
e Suitable for Resistive or Inductive Loads rescent displays. 


¢ Output Overload Protection Output overload protection is provided when the load current 
(approximately 1.2A) causes the output Vo¢-¢(sat) to rise 
above 1.3V. A built-in time delay, nominally 25us, is provided 
. . during output turn-on as output drops from Vpp to Vsaz. That 
Applications output will be shut down by its protection network without 
affecting the other outputs. The corresponding Input or 
Enable must be toggled to reset the output protection circuit. 


e Power-Frame Construction for Good Heat Dissipation 


¢ Relays 

* Solenoids Steering diodes in the outputs in conjunction with external 

e AC and DC Motors zener diodes protect the IC against voltage transients due to 
switching inductive loads. 


LOW SIDE 
SWITCHES 


e Heaters 

To allow for maximum heat transfer from the chip, the four 
center leads are directly connected to the die mounting pad. 
¢ Vacuum Fluorescent Displays In free air, junction-to-air thermal resistance (Rg ja) is 60°C/ 
W (typical). This coefficient can be lowered by suitable 
design of the PC board to which the CA3242 is soldered. 


e¢ Incandescent Displays 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE PACKAGE 


CA3242E -40°C to +105°C | 16 Lead Plastic DIP 


Pinout Block Diagram 


CA3242 (PDIP) 
TOP VIEW 


OUT A] 1| 
CLAMP | 2. 
OUT B| 3| 
GND| 4| 
GND|5| 
OUT C| 6 | 
CLAMP 
OUT D| 8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 561 2 
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Specifications CA3242 


Absolute Maximum Ratings (Note 1) Thermal Information 

LOS SUNY VONRIG, Vidiesc cect ocriueninsnoetwnenaenee 7V ‘Thermal Resistance Bya By 

Logic Input Volage, Vig cass cscdvcueseeecevesusnciaaaes 15V Fis OF ncn vteanwtiesnswedaeses 60°C/W - 

OUI VONRUG, Vices o vcs cavecciecsecesusnasseaseaes 50Vpc Plastic DIP (to Pins 4, 5, 12, 13)..... - 12°C/W 

Output Sustaining Voltage, Voesug - +--+ eee ee eee eee ees 35Vpc¢ ‘Power Dissipation, Pp 

DUM CUNGHE lec svaneciscevea sp eeknanenesasennd eace 1Ap¢ Op1GETC. ccccceenivewavendsens soe ox veneesseses 1.5W 
AOS GEG occnsencdaewaensen Derate Linearly at 16.6mW/°C 
Up to 90°C w/Heat Sink (PC Board) ..........eseeeeeee 1.5W 


Above 90°C w/Heat Sink (PC Board). . Derate Linearly at 25mW/C 
Ambient Temperature Range 


OPTED. as cacaceuaerasundaus cetenus sux -40°C to +105°C 
CINGGE 5 660 ciuddnetce  oteentatdaninge is -55°C to +150°C 
Maximum Junction Temperature, Ty........ ee eee eee +150°C 


Lead Temperature (During Soldering) 
At distance 1/16 inch + 1/32 inch (1.59 + 0.79mm) from 
ne 1h 208 Woo cdiceeccaceesudistobetyaseekece +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At T, = -40°C to +105°C, Voc = 5V Unless Otherwise Specified 


[_ranwnerens | ovieor_[ _vesveononens [ww [wo [ore 
[ean corer | em [arenes || | 
[ommtsisanavene | vw _[erromavanow | | |v 

Ca 


= 600MA, Vin = 2.4V 


Input Low Current ac Vin = 0.8V 


lo = 700MA, Vin = 4.5V 


Collector Emitter Saturation Voltage 


Clamp Diode Forward Voltage 


Turn-Off Delay 


NOTE: 
1. Tg = +25°C, Unless Otherwise Specified 
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GS-2 


TO B OUT 3 | 
Voc OUT B 


Aerts “MERIT | |e 


: e a. 
Qi 
as 


enase [tal 7A to 
—$§ ek s mee 
foe 
R8 Bir Q36 9.25 a | R27 ies 
0.38 


OUT A 


R29 R30 
0.40 0.06 


R25 
—- 


R24 
== 


0.5 


"° . 
GND 
NOTE: All resistance values are kQ, all capacitors are in pF. 


FIGURE 1. SCHEMATIC DIAGRAM OF THE CA3242 (SWITCH SECTION A) 


LOW SIDE 


SWITCHES 


crvceVvo 


CA3242 


FIGURE 2. LOGIC DIAGRAM FOR EACH OUTPUT 


FLOATING 
SOLENOID 


GROUND- 
SOLENOID 


MISC. SWITCHING 
APPLICATIONS 


FIGURE 4. TYPICAL APPLICATIONS FOR THE CA3242 
QUAD DRIVER 
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H-DRIVER 


FIGURE 3. TYPICAL APPLICATIONS FOR THE CA3242 QUAD 


ENABLE 


FIGURE 5. TYPICAL APPLICATIONS FOR THE CA3242 
QUAD DRIVER 


HARRIS CA3262A, CA3262 


April 1994 Quad-Gated Inverting Power Drivers 
Features Description 

e¢ Independent Over-Current Limiting on Each Output The CA3262 and CA3262A are used to interface low-level 

e Independent Over-Temperature Limiting On Each Output logic to high current loads. Each Power Driver has four 

¢ Output Drivers Capable of Switching 700mA Load inverting switches consisting of a non-inverting logic input 

¢ Inputs Compatible With TTL or 5V CMOS Logic stage and an inverting low-side driver output stage. All input 

¢ Suitable For Resistive, Lamp or Inductive Loads stages have a common enable input. Each output device 

¢ Power-Frame Construction for Good Heat Dissipation as independent current limiting (I_i)4) and thermal limiting 

° Operational Temperature Ranges (Tum) for protection from overload conditions. Steering 

© CA38262A «oo nnn c ccc ccccecenccce -40°C to +125°C diodes connected from each output (in pairs) to the Clamp 

© CA38262 ooo c cee c cc cccccccccccce -40°C to +85°C_~—s—ins may be used in conjunction with external zener diodes 

a —— to protect the IC against overvoltage transients that result 

Applications System Applications from inductive load switching. To allow for maximum heat 
e Solenoid e Automotive transfer from the chip, all ground pins on the DIP and PLCC w ” 
e Relay e Appliance package are directly connected to the mounting pad of the a uw 
e Light e Industrial Control chip. An integral heat spreading lead frame directly connects ” 
e Steppers ¢ Robotics the bond pad and ground leads for good heat dissipation. se 
* Motors The CA3262 and CA3262A can drive four incandescent S = 

e Displays lamp loads without modulating their brilliance when the 

“cold” lamps are energized. Outputs may be parallel con- 

Pinouts CA3262, CA3262A (PDIP) nected to drive high current loads. The maximum output cur- 

TOP VIEW rent of each output is determined by the over-current limiting 

threshold which is typically 1.2A but may be as low as 0.7A. 

OUT A[1| 16] INA —_—_—_—_— SC eee 

cLAmpl2] fs] INB Ordering Information 


OUT B| 3| 14] ENABLE PART NUMBER TEMP. RANGE PACKAGE 
GND [4 13] GND CA3262E -40°C to +85°C 16 Lead Plastic DIP 
GND [5| GND CA3262AE -40°C to +125°C | 16 Lead Plastic DIP 


OUT CLé 14} Vee CA3262AQ 40°C to+125°C | 28 Lead PLCC 
CLAMP HO] INC 
OUT D[8) 9] IND | Functional Block Diagram 
V4 
cc O-$—> V+ y 
TOP VIEW Y :< OUT D 
IND o-4 ; 
f ¥-O CLAMP 
; ; 
6 é 
; ; 
; 4-0 OUTC 
é 
INC C , 
: a a 
é 
ENABLE OL) > tu ; 
6 = 3 
é - é 
; ame 
IN B O-F ; 
; © CLAMP 
é é 
6 s 
é 4 
; ; 
6 é 
| fo our 
INAC , 
; ne “"y ; 
é 
Cin ; 
, =S y 
bgwevcvvvevssvvvsveswccseuseeceeuead 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 836.4 
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CA3262A, CA3262 


(ee x 
+5V PS. O————> V+ _— oy 
11 (18): : ; yUUY 
IND . = (14) ia 
e 8 
‘ CLAMP 
: a ‘o., ° VBATT 
‘7 (13) cht 
‘ OUTC 
INC: ' 6(12)| OOU 
; ~ VBATT 
% 
& 
a 
, OUTB HIGH CURRENT 
—., HIGH SIDE DR 
3 (4) 
‘ CLAMP MOTOR 
2 (3) a 
: OUTA VBATT @ 
1 (2) LAMP i 


eevaenva2nave2re2nn2ane 


SVVVeSsPSFVBSVeSVeSeSeSeeSeVeBVeVeVeSeSeSBeseS2sesssesesssv= 


PINS 4, 5, 12 & 13 GROUND (PACKAGE E) 
PINS 5-11 & 19-25 GROUND (PACKAGE Q) 
PIN #’S IN PARENTHESIS APPLY TO PACKAGE Q 


H = High, L = Low, X = Don’t Care 


FIGURE 1. QUAD INVERTING POWER DRIVER (QDR) SHOWN WITH TYPICAL APPLICATION LOADS 


Vcc 
CONSTANT 
CURRENT (y) (y) (y) 
SOURCES 
REFERENCE 
INPUT © VOLTAGE 


1.2 VOLTS 


ENABLE © 
TO SUBSEQUENT STAGES 


FIGURE 2. CA3262A EQUIVALENT SCHEMATIC OF ONE INPUT STAGE 


2-8 


Specifications CA3262A, CA3262 


Absolute Maximum Ratings Thermal Information 
Logie Supny Vonnds) Views <c0 ss es cces sa taccsineoue co's waxes 7.0V Thermal Resistance (Note 3) Oya 
Logic Input Voltage, Vig vices s owastersesiewsssvancs ons 15V CR cx cvdcacdagesarne as ceneakeresens 45°C/W 
Output Voltage, Vogy ce cece cee c cece ces ceuceecuveues BOV  CAS262E, CAS262AE... eee eee eee eee 60°C/W 
Output Sustaining Voltage, Vogigus).- +++ e ee eee eee eee ees 40V Power Dissipation, Pp 
Cup Tansiont CWTGH oc cs ssesasccawwasceanawsss (Note 1) CA3262E, CA3262AE 
Cutoet Load Cuong. < cccauvcascncosescsepvaveeans (Note 2) Lig 16 460 C (Free Al) oc sc 0s40054004 00520080008 0008 1.5W 
Storage Temperature Range ................- -65°C to +150°C Above +60°C ........... 0c eee Derate Linearly at 16.6mW/°C 
Operating Temperature Range Up to +90°C With Heat Sink (PC Board)............... 1.5W 
CAS262AE, CAS2ZG2A0 ss csisvcacccaccsecas -40°C to +125°C Above +90°C; 
At Ser swrc eens bees eee nse sekon eur he -40°C to +85°C With Heat Sink (PC Board) ....... Derate Linearly at 25mW/°C 
CA3262AQ 
Up to 405°C (AGO Al) 6c ciscccatcedsavsvesasaeecas 1.5W 
Above +85°C ........ cece cece Derate Linearly at 23mW/°C 
Up to +105°C with Heat Sink (PC Board) .............. 1.5W 
Above +105°C; 
With Heat Sink (PC Board) ....... Derate Linearly at 33mW/°C 
Maximum Junction Temperature. ....... 2.2 cece eee eee +150°C 
Lead Temperature (Soldering 10S) .......... cece cence +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Voc¢ = 5.5V, Ts= -40°C to +125°C for CA3262A and Voc = 5.5V, Ta= -40°C to +85°C for CA3262 
Unless Otherwise Specified 


ee 
| earauerers _|svwso.| _vesrconomons [aT er wa aR TF a 


[Output Leakage Curent | loex [Vor =00V, Vewne=0av [| - | -| 10 | - | 06 | 50 | ma 


Output Sustaining Vcesus) | Note 4 V 
Voltage 


Collector Emitter Veesan) | Vin = 2V, Voc = 4.75V 
Saturation Voltage 
(See Figures 4B & 5B) 


rere eee 
a aE I ee I ae 
ee ee ee 
Re ee es oe oe ee 
[inputtowvorage | Mw | Cd dT | OT | CY (OB 
CNC 2 A OA CR 
Vn = 08V a A 
Input High Current Vin = VENABLE = §.5V, pA 
Io = 600MA 
Supply Current, locfony | Vin =2V, Venasce = 5-5V, 70 (Note 4) mA 
All Outputs ON, louTa = 250mA, louts = 250mA, 
(See Figures 4A and 5A) loutc = 250MA, loytp = 250MA 
Supply Current, All (Note 4) mA 
Outputs OFF, VIN =0V 
(See Figures 4A and 5A) 
te 
Clamp Diode Forward Ve [estAvwsovy OT | |] oT | | | 
Voltage, 
(See Figures 4D and 5D) cies | ald a ee 
Turn-On Delay, teu, tery | lout = 500mMA ps 
(See Figures 4C and 5C) 
Over Current Limiting Vout = 2V, 0.7 (Note 1) } 0.7 A 
Vin = 5.5V, Venaste = 5.5V 
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LOW SIDE 
SWITCHES 


Specifications CA3262A, CA3262 


Electrical SpecificationS Vo¢ = 5.5V, Ta= -40°C to +125°C for CA3262A and Voc = 5.5V, Ta= -40°C to +85°C for CA3262 


Unless Otherwise Specified (Continued) 
PARAMETERS SYMBOL TEST CONDITIONS 
DESIGN PARAMETERS 


Over Temperature Limiting Tum 

(Junction Temperature) 

InputCapacitance, Input [Cw | CT Te 
ee eS ee 


NOTES: 


1. The CA3262 and CA3262A have on-chip limiting for transient peak currents. Under short-circuit conditions with voltage applied to the collector 
of the output transistor and with the output transistor turned ON, the current will increase to 1.2A, typical. Over-Current Limiting protects a short 
circuit condition for a normal operating range of output supply voltage. During a short circuit condition, the output driver will shortly thereafter 
(approx. 5ms) go into Over-Temperature Limiting. While Over-Current Limiting may range to peak currents greater than 2A, each output will 
typically withstand a direct short circuit up to supply voltage levels of 16V. Excessive dissipation before thermal limiting occurs may cause dam- 
age to the chip for supply voltages greater than 18V. The CA3262 and CA3262A are rated to withstand peak current, cold turn-on conditions 
of #168 or #194 lamp loads. 

2. The total DC current for the CA3262 and CA3262A with all 4 outputs ON should not exceed the total of (4 X 0.7A + Max. Ioc) ~ 2.85A. This 
level of current will significantly increase the chip temperature due to increased dissipation and may cause thermal shutdown in high ambient 
temperature conditions (See Absolute Maximum Ratings for Dissipation). Any one output may be allowed to exceed 0.7A but may be subject 
to Over-Current Limiting above the |, ),4 min. limit of 0.7A. As a practical limit, no single output should be loaded to more than 1A max. 

3. Normal applications require a surface mount of the 28 lead PLCC package on a PC Board. The package has a power lead frame construction 
where ground pins 5 - 11 and 19 - 25 conduct heat from the frame to the PC Board. With approximately a 2 square inch copper area adjacent 
to the ground pins, the thermal resistance on the mounted package may be as low as 30°C/W. 


4. loc varies with temperature. Typically, I¢c(ny is 18MA at +125°C and 41mA at -40°C. Typically, Ioc(orry is 2.2MA at +125°C and 1.2mA at -40°C. 
5. Tested with a switched-off 500mA Load (24 series resistance), Vaart = 12V and the outputs (Vo) clamped to +40V maximum with an exter- 


nal zener diode. 


Applications 


Typical circuit configurations for applying the CA3262 and 
CA3262A are shown in the application circuit of Figure 1. To 
their rated capabilities, both circuits can be used to drive induc- 
tive, resistive and lamp loads. The CA3262A has a lower Var 
than the CA3262 and is rated for +125°C ambient temperature 
applications. The CA3262 data sheet rating is +85°C. Other- 
wise, the protection features described apply to both the 
CA3262 and CA3262A. 


The maximum voltage for full load current switching is the output 
sustaining voltage, Vce(sus) which should not exceed 40 Volts. 
To provide a means of over-voltage protection, on-chip steering 
diodes are connected from each output to one of two CLAMP 
pins. Over-voltage pulses may be generated from inductive load 
switching and must be clamped or limited to a peak voltage less 
than VcE (sus), To limit an inductive voltage pulse, a zener diode 
should be connected to the appropriate CLAMP pin. When the 
voltage pulse exceeds the zener threshold, the excess energy is 
dumped to ground via the on-chip steering diode and the exter- 
nal zener diode. 


The on-chip diodes may be used in a free-wheeling mode by 
connecting the CLAMP pins to an external clamp supply 
voltage. Zener diode clamp protection is preferred over the 
power supply clamp option, primarily because the power sup- 
plies may be subject to large transient changes; including turn- 
ON and turn-OFF conditions where non-tracking conditions 
between supplies could allow forward conduction through the 
Steering diodes. For all transient conditions of either method, the 
clamp voltage should greater than the maximum supply voltage 
of the switching outputs and less than Vcg(gus). 


Note that the rate of change of the output current during load 
switching is fast. Therefore, even small values of inductance, 
including the inductance of a few meters of hook-up wire to 
the load circuit, can generate voltage spikes of considerable 
amplitude at the output terminals and may require clamping 
to protect the device ratings. 


Current-limiting is provided as protection for shorted or over- 
loaded output conditions. Voltage is sampled across a small 
metal resistor in the emitter of each output stage. When the 
voltage exceeds a preset comparator level, drive is reduced 
to the output. Current limiting is sustained unless thermal 
conditions exceed the preset thermal shutdown temperature 
of +155°C. 


If an output is shorted, the remaining three outputs will con- 
tinue to function normally unless the continued heat spread- 
ing is sufficient to raise the junction temperature at any other 
output to a level greater than +155°C. High ambient tempera- 
ture conditions may allow this to happen. The degree of inter- 
action is minimized at chip layout design by separating the 
output devices, each to a separate corner of the chip. 


As noted, the thermal resistance values of both the DIP and 
PLCC packages are improved by direct connection of the 
leads to the chip mounting pad. In free air, the junction-to-air 
thermal resistance, Oj, is +60°C/W (typical) for the DIP pack- 
age and +42°C/W (typical) for the PLCC package. This coeffi- 
cient can be lowered to +40°C/W and +30°C/W respectively 
by increasing ground copper area on the PC board next to ~ 
the ground pins of the IC. 


CA3262A, CA3262 
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EACH OF THE QDR OUTPUTS SHOWN IN FIG 3 ISA 
COMPOSITE CIRCUIT WITH OVER-TEMPERATURE 


SENSE FOR THERMAL LIMITING & OVER-CURRENT = 
SENSE TO PROVIDE CURRENT LIMITING 


= 


FIGURE 3. QUAD INVERTING POWER DRIVER (QDR) OUTPUT EQUIVALENT CIRCUIT 


Typical Performance Curves 
80 


SUPPLY VOLTAGE (Voc) = 5.5V 


WLI 


SUPPLY VOLTAGE (Vcc) = 4.75V 
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LOW SIDE 
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COLLECTOR-TO-EMITTER SATURATION VOLTAGE (V) 


40 -20 0 20 40 60 80 100 120 140 me se Se ee 


AMBIENT TEMPERATURE ( °C) AMBIENT TEMPERATURE ( °C) 
FIGURE 4A. TYPICAL SUPPLY CURRENT (PIN 11) FIGURE 4B. TYPICAL COLLECTOR-TO-EMITTER SATURA- 
CHARACTERISTICS TION VOLTAGE CHARACTERISTICS IN QUAD- 


GATED INVERTING POWER DRIVER OUTPUT 


ae" 
5 " 


9, 10, 15, 16 


(16) (17) (27) (28) 
1 2 3, 6, 8 
(2) (4) (12) (14) s0% 50% 


PROPAGATION DELAY TIME (us) 
CLAMP DIODE FORWARD VOLTAGE (V) 


40 -20 0 20 40 60 80 100 120 140 40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
FIGURE 4C. TYPICAL PROPAGATION DELAY FIGURE 4D. TYPICAL CLAMP-DIODE FORWARD 
TIME CHARACTERISTICS VOLTAGE CHARACTERISTICS 


FIGURE 4. TYPICAL CHARACTERISTICS OF THE CA3262E 


CA3262A, CA3262 


Typical Performance Curves (Continued) 


80 


SUPPLY VOLTAGE (Vcc) = 5.5V SUPPLY VOLTAGE (Vcc) = 4.75 


70 lout =600mA 
=< 60 cs 
E EY 
c 9 
40 Vin HIGH > 
3 lout = 500mA (EACH) Sz 
> 30 SE 
& 48 
7 20 Bk 
10 
0 
40 -20 0 20 40 60 80 100 120 140 40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
FIGURE 5A. TYPICAL SUPPLY CURRENT (PIN 11) FIGURE 5B. TYPICAL COLLECTOR-TO-EMITTER 
CHARACTERISTICS SATURATION VOLTAGE CHARACTER- 
ISTICS IN QUAD-GATED INVERTING- 
POWER DRIVER OUTPUTS 
= 
g g 
3 b= 
z 3 
> rs 
a e 
Ww 
a z 
S e 
- 
g 9,10, 15,16 __VIN 5 
5 (16) (17) (27) (28) tpHL 6 
a. 1,3,6,8 Vout Z 
(2) (4) (12) (14) (ON) — 5 
40 -20 0 20 40 60 80 100 120 140 40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
FIGURE 5C. TYPICAL PROPAGATION DELAY FIGURE 5D. TYPICAL CLAMP-DIODE FORWARD 
TIME CHARACTERISTICS VOLTAGE CHARACTERISTICS 


FIGURE 5. TYPICAL CHARACTERISTICS OF THE CA3262AE & CA3262AQ 


1 - CA3262E, CA3262AE W/O HEAT SINK 

2 - CA3262E, CA3262AE WITH PC BOARD HEAT SINK 
3 - CA3262AQ W/O HEAT SINK 

4 - CA3262AQ WITH PC BOARD HEAT SINK 


PACKAGE DISSIPATION (W) 


-50°C o°c 50°C 100°C 150°C 
AMBIENT TEMPERATURE (°C) 
FIGURE 6. PACKAGE DISSIPATION RATING CHART 
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= CA3272 
ue? — CA3972A, CA3292A 


PRELIMINARY* Quad-Gated Inverting Power Drivers with Fault 
April 1994 Mode Diagnostic Flag Output 


Features Description 


Load Current Switching 600mA The CA3272, CA3272A* and CA3292A" are Quad-Gated Inverting 
Suitable for Resistive or Inductive Loads Power Drivers for interfacing low-level logic to inductive and resistive 
Fault Mode Diagnostic Flag Output loads such as: relays, solenoids, AC and DC motors and resistive 
loads such as incandescent lamps and other power drivers. Each out- 
CA3292A Over-Voltage Zener Clamp put is an open collector protected power transistor driver. The 
Independent Over-Current Limiting CA3292A is similar to the CA3272 and CA3272A, except for an 
Independent Over-Temperature Shutdown added collector-to-base zener diode that provides over-voltage 
. clamping protection on each power switching output. The CA3292A 
Temperature Shutdown Hysteresis block diagram is shown for one switching channel with fault detection 
5V CMOS or TTL Input Logic logic plus the output fault driver circuit for all four switching channels. 
High Dissipation Power-Frame Package The CA3272A and CA3292A have increased pull-down current drive 
from the FAULT output pin. The FAULT output pin provides a flag out- 
put when a fault condition occurs. The complete Functional Block Dia- 
Applications System Applications | gram with all four Output Power Driver stages is shown on page 2. 


¢ Solenoids e Automotive The ENABLE input is common to each of the four power switches and 
¢ Relays ¢ Appliance when low, disables the FAULT output. From the Input to Output, each 
switch is inverting. When IN is high, OUT is low and the transistor 
switch is “ON” (conducting). The block diagram shows the functional 
e Steppers e Robotics logic associated with fault detection. The Fault Sense circuit detects 
° Injectors the IN and OUT states and switches Q- “ON” if a fault is detected. 

When a fault is detected, transistor Qe activates a current sink pull- 
* Motors down at the FAULT pin. A resistive load from the FAULT pin to the 

power supply is used to detect a fault as a low state. Both shorted and 


Ordering Information open load conditions are detected. 
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ees 
FAULT 
ENABLE FLAG LOGIC 


Pinout LINE TO 


CA3272, CA3272A, CA3292A (PLCC) eae ae ga 


TOP VIEW FAULT CHANNELS 
OUTPUT 


Operating Temperature Range -40°C to +125°C 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2223 4 
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CA3272, CA3272A, CA3292A 


Block Diagram of the CA3272, CA3272A 
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NOTE: 

THE CA3292A IS EQUIVALENT TO THE 
CA3272 AND CA3272A EXCEPT FOR THE 
COLLECTOR-TO-BASE ZENER 

DIODE ON EACH OUTPUT (Za), 


F-CQ) 
ssdaasedenaiitaintete 
i| a 
= ow 
i.) 
+e) 
wR 


= 

> Y 
= 
c 
= 
a 
a G2 
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aaa USED AS AN OVER-VOLTAGE CLAMP TO 
‘ 
| e tum | inom 0.020 PROTECT THE OUTPUT WHEN SWITCHING 
VO INDUCTIVE LOADS 
1 — 
7 lesserorersrerrrrserrrure2rn220020002" J 
rautr ¢ a GROUND PINS 
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Vcc 
18 9 


CONSTANT 
CURRENT SOURCE 


INPUT 
. REFERENCE 
1.2 VOLTS 


H = High, L = Low, X = Don't Care 


(NOTE 1) == 
ENABLE ade tues FAULT LOGIC TABLE 
OUTPUT STAGES 


Over Current, Over Temperature 


sm 
. Open Load or Short to Power Suppl 
1. INPUT AND ENABLE PULLDOWN SOURCES FORCE cs ae P PPly 


NOTE: 


OUTPUT TURN-OFF FOR UNTERMINATED INPUTS 
FIGURE 1. SCHEMATIC OF ONE INPUT STAGE 
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Specifications CA3272, CA3272A, CA3292A 


Absolute Maximum Ratings 


Thermal Information 


Output Voltage, Vo (CA3272, CA3272A) ...........2.208e +60V Thermal Resistance. .............. cece cece eee eee Oya 
Output Sustaining Voltage, Vce;sus) (CA3272, CA3272A)..... WO Ts. i cater ccavacdacincceecatioutasees 45°C/W 
Output Voltage, Vo (CAS292A). .. 2... cece cen sccccces VoLAMP PLCC (With PC Board Heat Sink).............. 30°C/W 
Output Clamp Energy, Eox (CA3292A) ............500- TBDmJ Power Dissipation (No Heat Sink) 

Output Transient Current, (Note 1)............ cece ee 1.6A Max. IA FESO i okt ota andes sbekedkavd ccoevasepiade es 1.5W 
Output Load Current, (Note 2)........ cece cece eee eens 0.7A Above +85°C ....... 0. cece cece Derate Linearly at 23mW/°C 
SUppIY VONEOG, Veg aces cvcecseecssncsperaaecserssaens +7V___ Power Dissipation: (With PC Board Heat Sink, Note 3) 

Logic Input Voliage, Vig «sas cess sca cdaescan dee see enone 15V U6 10 40S 6 ace ce ewaeeeoewnse 040 dee ee Rake nen aaa 2.2W 
FAULT OO VONEOR, Ve sic cece vauncevxeacus ee ceancur 16V ABOVO4OS'C wins ackaxeas ewan s was Derate Linearly at 33mW/C 
Operating Temperature Range................ -40°C to +125°C Storage Temperature Range.................. -65°C to +150°C 
Junction Temperature... ..acncecceveccvaseacserrsuas +150°C Lead Temperature (Soldering 10s) ...............0005- +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = -40°C to +125°C, Vog = 5.5V, Unless Otherwise Specified 


PARAMETERS SYMBOL 


OUTPUT PARAMETERS 


CA3272 CA3272A, CA3292A 


jw | rv | wax | va | ve | 


TEST CONDITIONS 


Output (OFF) Current Vin = 0.8V; Ven = 5.5V; (Note 4) 


Voge = 60V for CA3272, CA3272A; 
Voce = 24V for CA3292A 


Output Sustaining Voltage: | Vcesus) Note 7 

CA3272, CA3272A 

Output Clamp Voltage: VeLaMP Io = SOOHA; Ven = 0.8V 

CA3292A 

Collector-to-Emitter Veewsan | Vin =2V, Veo = 4.75V, waM a! 


Saturation Voltage lo = 400mA, Ty = +125°C 


LOW SIDE 
SWITCHES 


lo = 500MA, Ta = +25°C 


Ico = 600MA, Ta = -40°C 


Ic = 500mA, Ty = -40°C 
LOGIC INPUT THRESHOLDS 


Input Low Voltage 


VIN = Ven = 0.8V; Voc = 4.75V 
VIN = Ven = §.5V 
SUPPLY CURRENT 


All Outputs ON Ioc(on) Vin = VEN =5,0V; louTA = louTB 
= loutc = loutp = 400mA 


Al Outputs OFF ee es ce 


PROPAGATION DELAY 


Turn-ON Delay ono = S00mA po: fs] ot - [3 | 
Turn-OFF Delay loan = S00mA p- fs} oe] - fs) 
Output Low Current, 


FAULT PARAMETERS | 
lot Vin = 0.8V; Ven = 2.0V; Ve = 4V 0.04 
le(sink) (With Fault) Vout = Low = 1V; (Note 5) 


Output High Current, lr) | lon | No Fault (Note 5) poe foe | 2 | 


Input High Current 


Bel] e}-}= |<] <]* 


a] 


au 


BE 
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Specifications CA3272, CA3272A, CA3292A 


Electrical Specifications TT, = -40°C to +125°C, Voc = 5.5V, Unless Otherwise Specified (Continued) 


CA3272 CA3272A, CA3292A 
PARAMETERS SYMBOL TEST CONDITIONS 


Ln | rye | 
Output Low Voltage External Load Equal Min. lo, p= | 02 | _@ 

Output Driver Fault Sense, VutHp Vin = 0.8V; Ven = 2V (Note 6) 

High Threshold (Open) 

Output Driver Fault Sense, VitHD Vin = Ven = 2V (Note 6) 4 

Low Threshold (Short) 


PROTECTION PARAMETERS 


Over-Temperature 
Limiting 
(Junction Temperature) 


Over-Temperature 
Limiting, Hysteresis 


DESIGN PARAMETERS 


Input Capacitance 


1. Output Transient Currents are controlled by on-chip limiting for each output. Under short-circuit conditions with voltage applied to the 
collector of the output transistor and with the output transistor turned ON, the current will increase to 1.2A, typical. Over-Current Lim- 
iting protects a short circuit condition for a normal operating range of output supply voltage. During a short circuit condition, the output 
driver will shortly thereafter (approx. 5ms) go into Over-Temperature Shutdown. While Over-Current Limiting may range to peak cur- 
rents as high as 1.6A, each output will typically withstand a direct short circuit at normal single battery supply levels. Excessive dissi- 
pation before thermal shutdown occurs may cause damage to the chip for supply voltages greater than 16V. When sequentially 
switched, the outputs are rated to withstand peak current, cold turn-on conditions of lamp loads such as #168 or #194 lamps. 


2. The total DC current with all 4 outputs ON should not exceed the total of (4 X 0.7A + Max. loc) ~ 2.85A. This level of current will significantly 
increase the chip temperature due to increased dissipation and may cause thermal shutdown in high ambient temperature conditions (See 
Absolute Maximum Ratings for Dissipation). Any one output may be allowed to exceed 0.7A but may be subject to Over-Current Limiting 
above the Ii) minimum limit of 0.7A. No single output should be loaded to more than Over-Current Limiting above the I.) minimum limit 
of 0.7A. As a practical limit, no single output should be loaded to more than 1A maximum. 


3. Normal applications require a surface mount of the 28 lead PLCC package on a PC Board. The package has a power lead frame construc- 
tion where ground pins 5 - 11 and 19 - 25 conduct heat from the frame to the PC Board. With approximately a 2 square inch copper area 
adjacent to the ground pins, the thermal resistance on the mounted package may be as low as 30°C/W. 


4. Icex is the static leakage current at each output when that output is OFF (ENABLE Low). Refer to the Figure 3 illustration of an output 
Stage. The value of Ice, is both the leakage into the output driver and a pull-down current sink, lo¢sinx). The purpose of the current sink 
is to detect open load conditions. 


5. The lo, value of “Output Low Current, le;gini)” at the FAULT pin is both the static leakage of the output driver Qe and the current sink, 
lF(SINK)- The current sink is active only when a fault exists. When no fault exists, the Io, current at the FAULT pin is the maximum leakage 
current, lr”). Refer to Figure 2 for an illustration of the FAULT output and associated external components. Refer to FAULT LOGIC TABLE 
for Fault Modes. 


6. The Voltages, Vutyp, VitHp are the comparator threshold reference values (Min. & Max. Range) sensed as a high and low state tran- 
sitions for voltage forced at the outputs. Vityp indicates an open load fault when the output is decreased to less than the threshold. 
VitHp indicates a shorted load when the output is increased greater than the threshold. The output voltage is changed until the FAULT 
pin indicates a Low (Fault). Refer to Figure 2 for test value of external resistor. Refer to lo, and Io, FAULT PARAMETERS Test Limits 
to determine Vo, and Voy at the FAULT pin. 


7. Tested with 120mA switched off in a Load of 7OmH and 32Q series resistance; 
CA3272, CA3272A: Outputs clamped with an external zener diode, limiting Voyr to the Vogsus) Maximum rating of +40V. 
CA3292A: Outputs limited to the Vo_ayp voltage by the internal collector-to-base zener diode and output transistor clamp. 
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CA3272, CA3272A, CA3292A 


Applications 


The CA3272, CA3272A and CA3292A are quad-gated invert- 
ing low-side power drivers with a fault diagnostic flag output. 
Both circuits are rated for +125°C ambient temperature appli- 
cations and have current limiting and thermal shutdown. While 
functionally similar to the CA3262AQ, they differ in the mode 
of over-voltage protection and have the added feature of a 
FAULT flag output. Also, inputs to channels A, B, C, D and 
ENABLE have internal pulldowns to turn “OFF” the outputs 
when the inputs are floating. 


As noted in the Block Diagrams, the CA3292A is equivalent to 
the CA3272 and CA3272A except that it has internal clamp 
diodes on the outputs to handle inductive switching pulses 
from the output load. The structure of each CA3292A output 
includes a zener diode from collector-to-base of the output 
transistor. This is a different form of protection from other quad 
drivers with current steering clamp diodes on each output, 
paired to one of two “CLAMP” output pins. The CA3292A out- 
put transistor will turn-on at the zener diode clamp voltage 
threshold which is typically 32V and the output transistor will 
dump the pulse energy through the output driver to ground. 


Each output driver is capable of switching 600mA load currents 
and operate at +125°C ambient temperature without interaction 
between the outputs. The CA3272, CA3272A and CA3292A 
can drive four incandescent lamp loads without modulating 
their brilliance when the “cold” lamps are energized. The out- 
puts can be connected in parallel to drive larger loads. Over- 
current or short circuit output load conditions are fault protected 
by current limiting with a typical limit value of 1.2A. The current 
limiting range is set for 0.6A to 1.6A. The output stage does not 
change state (oscillate) when in the current limit mode. Any one 
output that faults (see Fault Logic Table) will switch the FAULT 
output at pin 1 to a constant current pull-down. 


ENABLE IN Voc = +5V 


B, C AND D Rx 
FAULT MODE 
INPUTS FAULT FLAG 
IF(SINK) DIAGNOSTIC 
OUTPUT, Vr 


Tx = RyCy = 0.5 TO ms 


FAULT MODE 
INPUT 
CHANNEL “A” 


FIGURE 2. EXTERNAL FAULT OUTPUT CIRCUIT AND len AS 
FAULT SINK PULLDOWN CURRENT, WHICH IS ACTF 
VATED BY TRANSISTOR, Q-, WHEN A FAULT EXISTS 


The Fault Logic circuit, as shown in the Block Diagram for 
the CA3292A, applies to both the CA3272, CA3272A and 
CA3292A. The Fault Sense circuits do not override or control 
the power switching circuits of the IC. Their primary function 
is to provide an external diagnostic fault flag output. Each 
Power Switching Channel has diagnostic fault sensing input 
to the Fault Logic. The Fault Logic block of the functional 


Block Diagram illustrates the logic functions associated with 
Fault detection. The diagnostic output for each of the four 
channels of switching is processed through the fault logic cir- 
cuit associated with each channel. It is then passed to an OR 
gate which controls the FAULT flag output transistor, Q¢ thru a 
2 input AND gate. 


The ENABLE input is common to each of the 4 power switches 
and also disables the FAULT flag output at the 2 input AND gate 
when it is low. The Fault Logic circuit senses the IN and OUT 
states and switches Q¢ “ON” if a fault is detected. Transistor Q¢ 
activates a sink current source to pull-down the FAULT pin to a 
0 (low) state when the fault is detected. Both shorted and open 
load conditions are detected. 


It is normal for thermal shutdown and current limiting to 
occur sequentially during a short circuit fault condition. A 
precaution applies for potential damage from high transient 
dissipation during thermal shutdown. (See Note 1 following 
the Electrical Characteristics Table). 


FAULT SENSE 


VBATT 
4° THRESHOLD, VrHp sg 


RLoap 


FIGURE 3. OUTPUT OPEN LOAD DETECTION WHERE laysinxy !S 
AN ACTIVE CURRENT SINK PULLDOWN FOR 
OPEN-LOAD FAULT DETECTION. THE CURRENT 
Icex IS losinky PLUS LEAKAGE CURRENTS OF THE 
OUTPUT DRIVER 


Each of the outputs are independently protected with over- 
current limiting and over-temperature shutdown with thermal 
hysteresis. If an output is shorted, the remaining outputs func- 
tion normally unless the temperature rise of the other output 
devices can be made to exceed their shutdown temperature 
of +165°C typical. When the junction temperature of a driver 
exceeds the +165°C thermal shutdown value, that output is 
turned off. When an output is shutdown, the resulting 
decrease in power dissipation allows the junction temperature 
to decrease. When the junction temperature decreases by 
approximately 15°C, the output is turned on. The output will 
continue to turn on and off for as long as the shorted condition 
exists or until shutdown by the input logic. The resulting fre- 
quency and duty cycle of the output current flow is determined 
by the ambient temperature, the thermal resistance of the 
package in the application and the total power dissipation in 
the package. Since each output is independently protected, 
the frequency and duty cycle of the current flow into multiple 
shorted outputs will not be related in time. Long lead lengths 
in the load circuit may lead to oscillatory behavior if more than 
two output loads are shorted. 


Ww 
a 
” 
> 
Oo 
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SWITCHES 


CA3272, CA3272A, CA3292A 


Since a diagnostic flag indicates when an output is shorted, 
this information can be used as input to a microprocessor or 
dedicated logic circuit to provide a fast switch-off when a short 
occurs and, by sequence action, can be used to determine 
which output is shorted. A fault condition in any output load 
will cause the FAULT output to switch to a logic “low”. Since a 
fault condition may be detected during switching, use of an 
appropriate size capacitor to filter the FAULT output is recom- 
mended. The recommended FAULT output circuit is shown in 
Figure 2. This will prevent the FAULT output voltage from 
reaching a logic level “O” within the maximum switching time. 


The FAULT detection circuitry compares the state of the input 
and the state of the output for each A, B, C and D channel. 
The output is considered to be in a high state if the voltage 
exceeds the typical FAULT threshold reference voltage, Vryp 
of 4V. If the output voltage is less than Vryp, the output is con- 
sidered to be in a low state. For example, if the input is high 
and the output is less than Vryp, a normal “ON” condition 
exists and the FAULT output is high. If the input is high and the 
Output is greater than Vryp, a shorted load condition is indi- 
cated and the FAULT output is low. When the input is low and 
the output is greater than Vryp, a normal “OFF” condition is 
indicated and the FAULT output is high. If the input is low and 
the output is less than Vryp, an open load condition exists 
and the FAULT output is low. The Output Driver Fault Sense 
state is determined by high and low comparator threshold lim- 
its which are defined in the Fault Parameters section of the 
Electrical Specifications. 


The FAULT output diagram of Figure 2 shows the circuit com- 
ponent interface for sensing a diagnostic fault condition. As 
noted, the time constant of Ty = RyCy should be greater than 
the ON-OFF output switching times to avoid false fault read- 
ings during switching. For applications requiring fast period 
repetition rates, the maximum time constant should be signifi- 
cantly less than the period of switching. The shortest practica! 
time constant is preferred to limit the duration of a fault condi- 
tion. 


To match a standard CMOS or TTL interface, the switched 
current at the FAULT pin must be converted to Viy and Vi, 
voltage levels using the Ry external pullup resistor. The mini- 
mum specified Io, limit at the FAULT output defines the Low 
(Fault) state which is used to test for a Vo, maximum limit of 
0.4V. This makes the calculation for the V\ input level rela- 
tively simple. Where Vr is the FAULT output voltage, Vcc is 
the power supply voltage, R, is the pullup resistor to Voc from 
the FAULT pin and Io, is the fault condition sink current, 
loisink)» the low state equation is: 


Ve = Voc - RXIOL < Vi. (EQ. 1) 


As an example: Since TTL is the worst case for a low state, 
Vit = 0.8V. Using Voc = 5V, maximum Ve = Vo, = 0.4V and 
minimum Io, = 1mA for the CA3272A and CA3292A. At the 
worst case limit, the minimum value of Ry is: 


Rx = (Voc 7 Vivor = (5 0.4)V/0.001mA = 4.6kQ 


Where the minimum Io, = 0.04mA for the CA3272 is much 
less, the same equation yields Ry = 115kQ In either case 
the preferred value for Rx would be greater than the values 
calculated. 


For the logic Vj), High (normal state), 


Ve = Voc - Pylon 2 Vin (EQ. 2) 


Where the Io}, current is the specified leakage current, lr.) 
at the FAULT pin, it remains to check the calculated value for 
Ry as a leakage current times the chosen pullup resistance. 
To determine that the minimum Voy from the FAULT pin is 
greater than Vj, to an external logic match, Vr is calculated 
using EQ(2). For example, using the Ry resistor value calcu- 
lated for the CA3272, 


Ve = [5 - (115kQ x 2y1A)] = 4.77V 


which is more than suitable for CMOS or TTL Input switching 
levels; suggesting that a larger value of Ry could be used for 
a better noise margin in the Low fault state. 


To detect an open load, each output has an internal low-level 
current sink, shown in Figure 3, which acts as a pull-down 
under open load fault conditions and is always active. The mag- 
nitude of this current plus any leakage associated with the out- 
put transistor will always be less than 100yA. (The data sheet 
specification for Icg¢x includes this internal low-level sink cur- 
rent). The output load resistance must be chosen such that the 
voltage at the output will not be less than Vryp when the Icey 
sink current flows through it under worse case conditions with 
minimum supply voltage. For example, assume a 6.5V mini- 
mum driver output supply voltage, a FAULT threshold reference 
voltage of Vryp = 5.5V and an output current sink of Icey = 
100A. Calculate the maximum load resistance that will not 
result in a FAULT output low state when the output is OFF. 


Rioap(max) = [Vsuppry(min) - Vryp(max)] / Icex(max) (EQ. 3) 
Rioap(max) = (6.5V - 5.5V)/100HA = 10kQ (EQ. 4) 


Since the CA3272 and CA3272A do not have on-chip diodes 
to clamp voltage spikes which may be generated during 
inductive switching of the load circuit, an external zener 
diode (30V or less is recommended) should be connected 
between the output terminal and ground. Only those outputs 
used to switch inductive loads require this protection. Note 
that since the rate of change of output current is very high, 
even small values of inductance can generate voltage spikes 
of considerable amplitude on the output terminals which may 
require clamping. External free-wheeling diodes returned to 
the supply voltage are generally not acceptable as inductive 
clamps if the supply voltage exceeds 30V during transients. 
Typical loads for either the CA3272Q, CA3272AQ or 
CA3292AQ are shown in the application circuit of Figure 4A. 
Where inductive loads are driven from outputs A and B, no 
external zener diode clamp is needed for the CA3292AQ but 
is required for the CA3272Q or CA3272AQ as shown in Fig- 
ure 4B. 


The CA3272Q, CA3272AQ and CA3292AQ are supplied in 
the 28 lead Plastic Leaded Chip Carrier (PLCC) package with 
a specially configured lead frame to conduct heat from the 
package. To provide maximum heat transfer from the chip to 
PC Board or mounting surface, all ground leads are directly 
connected to the mounting pad of the chip. In free air the max- 
imum junction-to-air thermal resistance, Qj, is maximum 
43°C/W. This thermal resistance can be lowered to 30°C/W 
(typical) by suitable layout design of the PC board to which the 
package is soldered. 


CA3272, CA3272A, CA3292A 
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HIGH SIDE DR 


LOW SIDE 
SWITCHES 


FIGURE 4A. TYPICAL APPLICATION CIRCUIT SHOWING OUTPUT LOAD CONTROL CAPABILITY OF THE CA3272Q, CA3272AQ OR 
CA3292AQ. THE INTERNAL DRIVE CIRCUIT WITH SELF PROTECTION AND FAULT OUTPUT IS THE CA3292AQ WITH THE 
OVER-VOLTAGE ZENER DIODE CLAMP 
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CA3272, CA3272A 
(1 OF 4 CHANNELS) =— 


FIGURE 4B. CA3272 AND CA3272A OVER-VOLTAGE PROTECTION IS AN EXTERNAL ZENER DIODE CLAMP WHERE 
Vzexn $ Vceisusy: THE Vce;sus) VOLTAGE RATING IS THE MAXIMUM VOLTAGE FOR FULL LOAD SWITCHING. 
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Features 


¢ Output Current Drive Capability 
- All Outputs ON, Equal 
- Per Output Individually 
- Maximum Total of Outputs ON 


e High Voltage Power BIMOS Outputs 
- 8 Open Drain NDMOS Drivers 
- Individual Output Latch 
- Over-Current Limit Protection 
- Over-Voltage Clamp Protection 


e High Speed CMOS Logic Control 
- Low Quiescent Ipp Current 
- SPI Bus Controlled Interface 
- Individual Fault Uniatch and Feedback 
- Common Reset Line 


0.625A Each 
1A Each 


e Operating Temperature Range -40°C to +125°C 
Applications 

e Automotive and Industrial Systems 

e Solenoids, Relays and Lamp Drivers 

e Logic and uP Controlled Drivers 


¢ Robotic Controls 


CA3282 (SIP) 
TOP VIEW 


15}———— OUTPUT 4 


NOTE: 
HEAT SINK TAB 
INTERNALLY A 
CONNECTED TO [{7> 
GROUND (Vss) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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CA3282 


CMOS Octal Serial 
Solenoid Driver 


Description 


The CA3282 is a logic controlled, eight channel octal serial sole- 
noid driver. The serial peripheral interface (SPI) utilized by the 
CA3282 is a serial synchronous bus compatible with Harris 
CDP68HCO05, or equivalent, microcomputers. As shown in the 
Block Diagram for the CA3282 each of the open drain NDMOS 
Output drivers has individual protection for over-voltage and over- 
current. Each output channel has separate output latch control 
with fault unlatch and diagnostic feedback. Under normal ON 
conditions, each output driver is in a low, saturation state. Com- 
parators in the diagnostic circuitry monitor the output drivers to 
determine if an out of saturation condition exists. If a comparator 
senses a fault, the respective output driver is unlatched. In addi- 
tion, over current protection is provided with current limiting in 
each output, independent of the diagnostic feedback loop. 


The CA3282 is fabricated in a Power BiMOS IC process, and is 
intended for use in automotive and other applications having a 
wide range of temperature and electrical stress conditions. It is 
particularly suited for driving lamps, relays, and solenoids in 
applications where low operating power, high breakdown volt- 
age, and high output current at high temperatures is required. 


The CA3282 is supplied in 15 lead plastic SIP package with 
lead forms for either vertical or surface mount. 


Ordering Information 


PART PACKAGE AND 
NUMBER TEMP. RANGE LEAD FORM 
CA3282AS1 ~40°C to +125°C | 15 Lead Plastic SIP 
Staggered Vertical 
CA3282AS2 -40°C to +125°C | 15 Lead Plastic SIP 
Surface Mount 


Block Diagram 


OUTPUT #0 
(1 OF 8) 


OUTPUT 
LATCH 
CURRENT 
LIMIT 
DIAGNOSTIC 
CIRCUITRY 


SPI INTERFACE CIRCUIT 


CONTROL 
LOGIC 


TO DRIVERS 
1 THRU 7 


2767.4 


File Number 


Specifications CA3282 


Absolute Maximum Ratings Thermal Information 
Output Voltage, Vo (NOIG 1)... scccannviscnes vanes Voc (Clamp) Thermal Resistance Oya Bic 
Output Load Current, Iloap (Per Output, Individual) .......... 1A 15 Lead Plastic SIP...... 45°C/(W 3°C/W 
Output Load Current, ILoap (All 8 Outputs ON, Equal Ioy7) 0.625A (No Heat Sink) (Infinite Heat Sink) 
Output Load Current, lLoap (Max. Total of Outputs ON) ..... 5.0A Power Dissipation 
DC Logie Supoly, Ving: sacs avdsesissveedsgeseeees a ade 53 7V Up to +125°C wo Heat Sink... sc cccscsssvssvenvece 0.56W 
PUL VIASO. Vis eben ee cons ete ewe wow ens ewes -0.7 to +7V Above +125°C w/o Heat Sink ...... Derate Linearly at 22mW/C 
Operating Ambient Temperature Range......... -40°C to +125°C Up to +125°C wiinfinite Heat Sink...............000- 8.33W 
Operating Junction Temperature Range......... -40°C to +150°C Above +125°C wiInfinite Heat Sink: .. Derate Linearly at 333mW/C 
Storage Temperature Range, TSTG............ -55°C to+150°C Lead Temperature (During Soldering) 

At a distance 1/16 inch + 1/32 inch (1.59 + 0.79mm) 

fromoase fof 108 MAE. oc ccce cen scesteasassccanens +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vpp = 5V, Ty = -40°C to +125°C, Unless Otherwise Specified 


[—ramanerens [swoon [ _vesrconomions [ww [ | wax | ows 
[aise Coron | to _[AOupusOw osAtsearoroamm | -[@ | | mA 
[oamaceromatnewy | fe [towmosroman | @ | - | | ai 


Output Leakage Current loteak | Output Programmed OFF 
Vo = 24V 1000 


[a 
LB 
[a 
[ES a 
ea [OA 
Funcntaay | tm [brsoinanoreemeina {| + | © | m= 
femoromy [ea _fosemarereemmins [=e 


Fault Reference Voltage VoreF Output Programmed ON, Fault Detected 
If Vo > VoreF 

Fault Reset Delay (After CE Low See Figure 1 

to High Transition) 

Output OFF Voltage VorF Output Programmed OFF, Output Pin 
Floating 


LOGIC INPUTS (MOSI, CE, SCK and RESET) 


Threshold Voltage at Falling Vr. Vpp = 5V t 10% 0.2Vop 0.3Vpp V 
Edge 
Threshold Voltage at Rising Vpop = 5V t 10% 0.6Vop 0.7Vpop 
ae 

Cee 


Hysteresis jHysteresis Voltage i ee Vr. 


Output Saturation Voltage 
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Specifications CA3282 


Electrical Specifications —Vop = 5V, T, = -40°C to +125°C, Unless Otherwise Specified (Continued) 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX — UNITS 


LOGIC OUTPUT (MISO) 


Output HIGH Voltage | wm | 0. ee neimetmrnstine Vop Vop 
- 1.3V - 0.2V 
Output Three State Leakage Saal 5.25V,0<Vo<Vop, 
Current CE Pin Held High 


Output Capacitance | Cour | | Cour} 0 z }0<Vo<Vpp CE Pin Held High < Vp, CE Pin Held High }0<Vo<Vpp,CEPinHeldHign = | = | = | 20 |r 


Serial Peripheral Interface Timing (See Figure 1) 
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150 


Enable Time (8) ten 


Vop = 20% to 70%, C. = 200pF 


Rise Time SPI Inputs (SCK, MOSI, CE) (12) Vop = 20% to 70%, C, = 200pF 
Fall Time (MISO Output) (13) liso | Vpp = 20% to 70%, C, = 200pF 
Fall Time SPI Inputs (SCK, MOSI, CE) (13) Vop = 20% to 70%, C, = 200pF 


1. The MOSFET Output Drain is internally clamped with a Drain-to-Gate zener diode that turns-on the MOSFET; holding the Drain at the 
Output Clamp Voltage, Voc. 

2. Operating Frequency is typically greater than 10MHz but it is application limited primarily by external SPI input rise/fall times and MISO 
output loading. 


150 
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Timing Diagrams 
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(CPOL = 0, CPHA = 1) 
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INTERNAL STROBE FOR DATA CAPTURE 
FIGURE 1A. DATA AND CLOCK TIMING DIAGRAM 
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FIGURE 1B. SPI TIMING DIAGRAM 
FIGURE 1. 
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FIGURE 2. BYTE TIMING DIAGRAM WITH ASYNCHRONOUS RESET 
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Signal Descriptions 


Power Output Drivers, Output 0 - Output 7- The input and 
output bits corresponding to Output O thru Output 7 are 
transmitted and received most significant bit (MSB) first via 
the SPI bus. The outputs are provided with current limiting 
and voltage sense functions for fault indication and protec- 
tion. The nominal load current for these outputs is 500mA, 
with current limiting set to a minimum of 1.05A. An on-chip 
clamp circuit capable of handling 500mA is provided at each 
output for clamping inductive loads. 


RESET - Active low reset input. When this input line is low, 
the shift register and output latches are configured to turn off 
all output drivers. A power on clear function may be imple- 
mented by connecting this pin to Vpp with an external resis- 
tor, and to Vss with an external capacitor. In any case, this 
pin must not be left floating. 


CE - Active low chip enable. Data is transferred from the shift 
register to the outputs on the rising edge of this signal. The 
falling edge of CE loads the shift register with the output volt- 
age sense bits coming from the output stages. The output 
driver for the MISO pin is enabled when this pin is low. CE 
must be a logic low prior to the first serial clock (SCK) and 
must remain low until after the last (eighth) serial clock cycle. 
A low level on CE also activates an internal disable circuit 
used for unlatching output states that are in a fault mode as 
sensed by an out of saturation condition. A high on CE 
forces MISO to a high impedance state. Also, when CE is 
high, the octal driver ignores the SCK and MOSI signals. 


SCK, MISO, MOSI - See Serial Peripheral Interface (SPI) 
section in this data sheet. 


Vpp and Vssg (GND) - Positive and negative power supply 
lines. 


Serial Peripheral Interface (SPI) 


The Serial Peripheral Interface (SPI) utilized by the CA3282 
is a serial synchronous bus for control and data transfers. 
The Clock (SCK), which is generated by the microcomputer, 
is active only during data transfers. In systems using 
CDP68HCO05 family microcomputers, the inactive clock 
polarity is determined by the CPOL bit in the microcomput- 
er’s control register. The CPOL bit is used in conjunction with 
the clock phase bit, CPHA to produce the desired clock data 
relationship between the microcomputer and octal driver. 
The CPHA bit in general selects the clock edge which cap- 
tures data and allows it to change states. For the CA3282, 
the CPOL bit must be set to a logic zero and the CPHA bit to 
a logic one. Configured in this manner, MISO (output) data 
will appear with every rising edge SCK, and MOSI (input) 
data will be latched into the shift register with every falling 
edge of SCK. Also, the steady state value of the inactive 
serial clock, SCK, will be at a low level. Timing diagrams for 
the serial peripheral interface are shown in Figure 1. 


SPI Signal Descriptions 


MOSI (Master Out/Slave In) - Serial data input. Data bytes 
are shifted in at this pin, most significant bit (MSB) first. The 
data is passed directly to the shift register which in turn con- 
trols the latches and output drivers. A logic “O” on this pin will 
program the corresponding output to be ON, and a logic “1” 
will turn it OFF. 


MISO (Master In/Slave Out) - Serial data output. Data bytes 
are shifted out at this pin, most significant bit (MSB) first. 
This pin is the serial output from the shift register and is 
three stated when CE is high. A high for a data bit on this pin 
indicates that the corresponding output is high. A low on this 
pin for a data bit indicates that the output is low. Comparing 
the serial output bits with the previous input bits, the micro- 
computer implements the diagnostic data supplied by the 
CA3282. 


SCK - Serial clock input. This signal clocks the shift register 
SCK and new MOSI (input) data will be latched into the shift 
register on every falling edge of SCK. The SCK phase bit, 
CPHA, and polarity bit, CPOL, must be set to 1 and 0, 
respectively in the microcomputer’s control register. 


Functional Descriptions 


The CA3282 is a low operating power, high voltage, high cur- 
rent, octal, serial solenoid driver featuring eight channels of 
open drain NDMOS output drivers. The drivers have low sat- 
uration voltage and output short circuit protection, suited for 
driving resistive or inductive loads such as lamps, relays and 
solenoids. Data is transmitted to the device serially using the 
Serial Peripheral Interface (SPI) protocol. Each channel is 
independently controlled by an output latch and a common 
RESET line that disables all eight outputs. Byte timing with 
asynchronous reset is shown in Figure 2. The circuit 
receives 8 bit serial data by means of the serial input 
(MOSI), and stores this data in an internal register to control 
the output drivers. The serial output (MISO) provides 8 bit 
diagnostic data representing the voltage level at the driver 
Output. This allows the microcomputer to diagnose the con- 
dition at the output drivers. The device is selected when the 
chip enable (CE) line is low. When (CE) is high, the device is 
deselected and the serial output (MISO) is placed in a tri- 
state mode. The device shifts serial data on the rising edge 
of the serial clock (SCK), and latches data on the falling 
edge. On the rising edge of chip enable (CE), new input data 
from the shift register is latched in the output drivers. The 
falling edge of chip enable (CE) transfers the output drivers 
fault information back to the shift register. The output drivers 
have low ON voltage at rated current, and are monitored by 
a comparator for an out of saturation condition, in which 
case the output driver with the fault becomes unlatched and 
diagnostic data is sent to the microcomputer via the MISO 
line. A typical microcomputer interface circuit is shown in 
Figure 3. Also, the CA3282 may be cascaded with another 
CA3282 octal driver. 
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Shift Register 


The shift register has both serial and parallel inputs and out- 
puts. Serial output and input data are simultaneously trans- 
ferred to and from the SPI bus. The parallel outputs are 
latched into the output latch in the CA3282 at the end of a 
data transfer. The parallel inputs jam diagnostic data into the 
shift register at the beginning of a data transfer cycle. 


CDP68HC05C4 
MICROCOMPUTER 


CA3282 


PORT 


MOSI 


MISO 


FIGURE 3. TYPICAL MICROCOMPUTER INTERFACE WITH 
THE CA3282 


Output Latch 


The output latch holds input data from the shift register 
which is used to activate the outputs. The latch circuit may 
be cleared by a fault condition (to protect the overloaded out- 
puts), or by the RESET signal. 


Output Drivers 


The output drivers provide and active low output of 500mA 
nominal with current limiting set to 1.05A to allow for high 
inrush currents. In addition, each output is provided with a 
voltage clamp circuit to limit inductive transients. Each output 
driver is also monitored by a comparator for an out of satura- 
tion condition. If the output voltage of an ON output pin 
exceeds the saturation voltage limit, a fault condition is 
assumed and the latch driving this output is reset, turning 
the output off. The output comparators, which also provide 
diagnostic feedback data to the shift register, contain an 
internal pull-down current which will cause the cell to indi- 
cate a low output voltage if the output is programmed OFF 
and the output pin is open circuited. 


CE High to Low Transition 


When CE is low the three state MISO pin is enabled. On the 
falling edge of CE, diagnostic data from the output voltage 
comparators will be latched into the shift register. If an output 
is high, a logic one will be loaded into that bit in the shift reg- 
ister. If the output is low, a logic zero will be loaded. During 
the time that CE is low, data bytes controlling the output driv- 
ers are shifted in at the MOSI pin most significant bit (MSB) 
first. A logic zero on this pin will program the corresponding 
output to be ON, and a logic one will turn it OFF. 


CE Low to High Transition 


When the last data bit has been shifted into the CA3282, the 
CE pin should be pulled high. At the rising edge of CE, shift 
register data is latched into the output latch and the outputs 
are activated with the new data. An internal 150ms delay 
timer will start at this rising edge to compensate for high 
inrush currents in lamps and inductive loads. During this 
period, the outputs will be protected only by the analog cur- 
rent limiting circuits since resetting of the output latches by 
fault conditions will be inhibited during this time. This allows 
the device to handle inrush currents immediately after turn 
on. When the 150ms delay has elapsed, the output voltages 
are sensed by the comparators and any out of saturation 
Outputs are latched off. The serial clock input pin (SCK) 
should be low during CE transitions to avoid false clocking of 
the shift register. The SCK input is gated by CE so that the 
SCK input is ignored when CE is high. 


Detecting Fault Conditions 


Fault conditions may be checked as follows. Clock in a new 
control byte and wait approximately 150ms to allow the out- 
puts to settle. Clock in the same control byte and note the 
diagnostic data output at the MISO pin. The diagnostic bits 
should be identical to the data clocked in. Any differences will 
indicate a fault in the corresponding outputs. For example, if 
an output was programmed ON by clocking in a zero, and the 
corresponding diagnostic bit for that output is a one, indicating 
the driver output is still high, then a short circuit or overload 
condition may have caused the output to unlatch. Alterna- 
tively, if the output was programmed OFF by clocking in one, 
and the diagnostic bit for that output shows a zero, then the 
probable cause is an open circuit resulting in a floating output. 


CURRENT IN AMPERES (Igy) 


0.2 0.4 0.6 0.8 
SATURATION VOLTAGE (Vsar) 


FIGURE 4A. CA3282 TYPICAL OUTPUT DRIVER Rpsion) 
CHARACTERISTICS OF CURRENT OUT vs 
SATURATION VOLTAGE, Vsaz FOR A -40°C 
TO +125°C JUNCTION TEMPERATURE 
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CURRENT IN AMPERES (Iourt) 
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FIGURE 4B. CA3282 TYPICAL OUTPUT DRIVER Rpgion) 
CHARACTERISTICS OF CURRENT OUT vs 
SATURATION VOLTAGE, Vsar FOR A -40°C 
TO +125°C JUNCTION TEMPERATURE 


Dissipation In Multiple Outputs 


The CA3282 Octal Serial Solenoid Driver has multiple MOS 
Output Drivers and requires special consideration with 
regard to maximum current and dissipation ratings. While 
each output has a maximum current specification consistent 
with the device structure, all such devices on the chip can 
not be simultaneously rated to the same high level of peak 
current. The total combined current and the dissipation on 
the chip must be adjusted for maximum allowable ratings, 
given simultaneous multiple output conditions. 


For the CA3282, the maximum positive output current rating 
is 1A when one output is ON. When ALL outputs are ON, the 
rating is reduced to 0.625A because the total maximum cur- 
rent is limited to 5A. For any given application, all output driv- 
ers on a chip may or may not have a different level of 
loading. The discussion here is intended to provide relatively 
simple methods to determine the maximum dissipation and 
current ratings as a general solution and, as a special solu- 
tion, when all switched ON outputs have the same current 
loading. 


General Solution 


A general equation for dissipation should specify that the 
total power dissipation in a package is the sum of all signifi- 
cant elements of dissipation on the chip. However, in Power 
BiMOS Circuits very little dissipation is needed to control the 
logic and predriver circuits on the chip. The over-all chip dis- 
sipation is primarily the sum of the I@R dissipation losses in 
each channel where the current, | is the output current and 
the resistance, R is the NMOS channel resistance, Rogion) 
of each output driver. As such, the total dissipation, Pp for n 
output drivers is: 


n 
Po= > Py (EQ. 1) 
k=1 


This expression sums the dissipation, Px of each output 
driver without regard to uniformity of dissipation in each 
MOS channel. The dissipation loss in an NMOS channel is: 


P, =1°xR (EQ. 2) 


k DS(ON) 


where the current, | is the determined by the output load 
when the channel is turned ON. The channel resistance, 
Rosion) is a function of the circuit design, level of gate volt- 
age and the chip temperature. Refer to the Electrical Specifi- 
cations values for worse case channel resistance. 


The temperature rise in the package due to the dissipation is 
the product of the on-chip dissipation, Pp and the package 
Junction-to-Case thermal resistance, Qj¢. To determine the 
junction temperature, T,, given the case (heat sink tab) tem- 
perature, To, the linear heat flow solution is: 
Ty = To tPp x8 yg orlg = Ty- Py X8j6 (EQ. 3, 3A) 
Since this solution relates only to the package, further con- 
sideration must be given to a practical heat sink. The equa- 
tion of linear heat flow assumes that the Junction-to-Ambient 
thermal resistance, 8j,, is the sum of the thermal resistance 
from Junction-to-Case and the thermal resistance from Case 
(heat sink)-to-Ambient, 89¢,4. The Junction-to-Ambient ther- 
mal resistance, 6), is the sum of all thermal paths from the 
chip junction to the ambient temperature (Ta) environment 
and can be expressed as, 


Oya = Bic + 8ca (EQ. 4) 
Equation 3 and Equation 3A may be expressed as, 
Ty = Tat+Pph x0), or Ta = Ty-PHXx8,, (EQ. 5, 5A) 


Not all Integrated Circuit packages have a directly definable 
case temperature because the heat is spread thru the lead 
frame to a PC Board which is the effective heat sink. 


Calculation Example 1 


For the CA3282, @;5 = 3°C/W and the worst case junction 
temperature, as an application design solution, should not 
exceed 150°C. For any given application, Equation 1 deter- 
mines the dissipation, Pp 


Assume the package is mounted to a heat sink having a 
thermal resistance of 6°C/W and, for a given application, the 
dissipation, Pp = 3 Watts. Assume the operating ambient 
temperature, T, = 100°C. The calculated Junction-to-Ambi- 
ent thermal resistance is: 


Bia = Bic + Oca = 9°C/W 

The solution for junction temperature by Equation 5 is: 

Ty = 100°C + 3W x 9°C/W = 127°C 

Caiculation Example 2 

Using the CA3282 maximum Junction-to-Ambient Thermal 
Resistance, 64 value of 45°C/W (no external heat sink) and 
the worst case Junction Temperature, Tc of 150°C we have 
an application design solution for the maximum ambient 
temperature or dissipation. For example; Using Equation 
land assuming a device dissipation, Pp of 1W, the maxi- 
mum allowable Ambient Temperature, T, from Equation 5A 
is calculated as follows: 


Ty = +150°C - 1.0W x 45°C/W = 105°C 
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Equal Current Loading Solution 


Where a given application has equal current loading in the 
output drivers, equal Rposiony and temperature conditions 
may be assumed. As such, a convenient method to show 
rating boundaries is to substitute the dissipation Equation 2 
into the junction temperature Equation 3. For m outputs that 
are ON with equal currents, where | = |, = Ip..... = I,,, we 
have the following solution for dissipation: 


The number of output drivers ON and conducting (m) 
may be from 1 ton. (i.e., For all 8 output drivers conduct- 
ing, m = n = 8.) Maximum temperature, dissipation and 
Current ratings must be observed. The drain current vs 
case temperature may be plotted for any value of m from 
1 to 8, provided drain currents remain equal. 


The curve of Figure 5 illustrates the boundary limits for tem- 
perature and dissipation. Figure 6 shows the maximum cur- 
rent for all 8 outputs ON with equal current plotted versus 


- - 2 cs 
Pp = Mary = OR RAGS on EQ (6) Case Temperature, Tc. Boundary conditions relate to the 
Absolute Maximum Ratings as defined in the Data Sheet. 
T 91 
J C 
m X86 x ADs (ON) 
12 
CA3282 WITH EXT. CA3282 WITH INFINITE 
6°C/W HEAT SINK HEAT SINK 

10 
= Ya (8yq = 9°C/W) (8y¢ = 3°CW) 
~ 8 
< 
= 
z 6 
o 
E 
—_ CA3282 WITH NO HEAT SINK 
D (ya = 45°C) 
ra) 

2 
0 jas 
40-25 0 25 50 75 100 125 150 


AMBIENT TEMPERATURE (°C) 


FIGURE 5. DISSIPATION DERATING CURVE 
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Imax ALL ON DISSIPATION LIMITED 


150 —Te 
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FIGURE 6. CURRENT vs CASE (TAB) TEMPERATURE, ALL OUTPUTS ON WITH EQUAL CURRENT 
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HIPOO80, HIPOO8T 


Quad Inverting Power Drivers 
with Serial Diagnostic Interface 


PRELIMINARY 


April 1994 


Features 


Low Side Power MOSFET Output Drivers 

Output Driver Protection 

- Over-Current Shutdown 

- Over-Temperature Shutdown with Hysteresis 

- Over-Voltage Internal Clamp 

Load Current Switching Capability 

- HIPO081... 3A Pk, 2A DC - Each; 5A Total All ON 
- HIPOO80..1.5A Pk, 1A DC - Each; 3A Total All ON 
HIP0080 - Low Idie Current Shutdown Mode 
Regulated 5V Logic Interface 


5V CMOS Logics Inputs 


Fault Mode Output for Shorts, Opens and Over- 
Temperature 


16 Bit Serial Diagnostic Register 
SPI Bus Compatible Data Readout 


Description 


The HIPOO80/HIP0081 Quad Power Drivers contain four individually 
protected NDMOS power output transistor switches to drive inductive 
and resistive loads such as: relays, solenoids, injectors, AC and DC 
motors, heaters and incandescent lamp displays. The 4 Power Drivers 
are low-side switches driven by CMOS logic input control stages. Each 
Output Power Driver is protected against over-current, over-tempera- 
ture and over-voitage. An internal drain-to-gate zener diode provides 
the clamping protection for over-voltage. Diagnostic circuits provide 
ground short, supply short, open load and thermal overload detection 
for each of the 4 output stages. Each of the 4 input drivers and their 
respective diagnostic filters are controlled by one ENABLE input. 


The inputs are CMOS logic compatible and individually control the out- 
put drivers with an active high state for tum-on. All other control inputs 
are active high with the exception of the Chip Select (CS) which is 
active low. The DATAIN (Dl) and DATAOUT (DO) are positive logic 
and the Clock (CLK) input for the Serial Interface is active on the rising 
edge of the CLK pulse. All inputs, except the HIPOO80 ENABLE, 
include a nominal level of hysteresis. IN1, IN2, IN3, IN4 and ENABLE 
have pull-down resistors of approximately 100kQ This switches off 


e HIP0081 - Low 0), Power Package ........ 3°C/W any channel that has an unterminated input. 
e -40°C to +125°C Operating Temperature Filters are used on the outputs of the fault sensing comparators to 
avoid the detection of short duration transient spikes. The on-chip 
: : oscillator is used to clock an internal shift register in each filter. If the 
Ap p lications fault condition is longer than a preset number of clock cycles, the fault 
e Drivers For e System Use condition is recognized and the respective bit is set in the diagnostic 
. . . register. No filter is used in the thermal-overload feedback circuit and 
pareneles njectors PUES the bit is set when thermal shutdown occurs. 
~ Rorys - Steppers - Appliances co: normal operating conditions, a Reset turns off all outputs when the 
- Power Output - Motors - Industrial Voc level drops below 3.5V. The internal bandgap and bias supply 
- Lamps - Displays - Robotics function includes a 5V regulated supply for the low voltage signal and 
logic circuits. 
Pinouts Ordering Information 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


HIP0081 (SIP) 
TOP VIEW 


HEAT SINK TAB AT SAME 
POTENTIAL AS PIN 8 GND 


Copyright © Harris Corporation 1994 


HIP0080 (PLCC) 
TOP VIEW 


PART PACKAGE & 
NUMBER LEAD FORM 
HIPOO81AS1 | -40°C to | 15 Lead Plastic 
+125°C | SIP Staggered 
Vertical Mount 
HIPOO81AS2 | -40°Cto | 15 Lead Plastic 
+125°C | SIP Surface 
Mount 
HIPOOSOAM -40°C to | 28 Lead PLCC 


+125°C 


File Number 3018.2 
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Functional Block Diagram 
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NOTE 1. HIPOO80 - No ENABLE Hysteresis 


Functional Signal Flow Diagram 


1 OF 4 SWITCH/CHANNELS (SEE FUNCTIONAL BLOCK DIAGRAM) 
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Specifications HIP0080, HIPO081 


Absolute Maximum Ratings Thermal Information 
Supply Voltage (Logic & Control), Vog ....-. ee eee eee -16to45V Thermal Resistance Bya Bjc 
Power MOSFET Drain Voltage, Vo (Note 1) ....... -0.5 to Votamp HIPO080 (28 Lead PLCC Power Pkg)... 45°C/W - 
Output Clamp Energy, Eox (HIPOO80)..............68- TBDmJ HIPO081 (15 Lead SIP Power Pkg)..... 45°C/W 3°C/W 
Output Clamp Energy, Eox (HIPO081).............008- TBDmJ HIPO080 Power Dissipation: (with PC Board as Heat Sink, Note 3) 
Input Voltage (Logic and Driver Inputs), Vij.......--- -0.5V to 7V UD 1048S'G, io ccscncse case ves Rees eeeaebs nedasowae 2.2W 
Output Voltage, DATAOUT wccscccssccssccsccacunee 0.7V to 7V Above 405°C 2. cece nasciesvans Derate Linearly at 33mW/°C 
Output Current HIP0081 Power Dissipation 
HIPOO80 Up 1o+125°C w/o Heat SINK cscs ncececsccnennneees 0.56W 
Each Output, lout(PEAK)» (Note 2).......... -0.5A to +1.5A Above +125°C w/o Heat Sink...... Derate Linearly at 22mW/°C 
Each Output, loyt(Dc) «+--+ eset reer e eres 0A to +1A Up to +125°C w/Infinite Heat Sink ...........6eee eee 8.33w 
All 4 Outputs ON, Equal loyt.......2. eee eee +0.75A each Above +125°C 
Total of 4 Outputs, Unequal IoyT ......--- ee +3A (to GND) w/Infinite Heat Sink ............. Derate Linearly at 333mW/C 
HIP0081 Lead Temperature (During Soldering) 
Each Output, lout(PEak) (Note 2)...........5- -2A to +3A At a distance 1/16 inch + 1/32 inch (1.59mm + 0.79mm) 
Each Output, lout(DC) «+s seer teeter eens 0A to +2A From Case for 10S Max 2c. ssc cccscnenncenvavaceens +265°C 
All 4 Output, ON, Equal loytT .... 2... eee eee +1.25A each 
Total of 4 Outputs, Unequal Ioyy ....---.- 5s +5A (to GND) 
Operating Ambient Temperature Range ........ -40°C to +125°C 
Operating Junction Temperature Range ........ -40°C to +150°C 
Storage Temperature Range, Tstq......------ -55°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Voc = 5.5V to 25V + 5%, Ty = -40°C to +125°C; Unless Otherwise Specified 


HIPOO80 HIPOO81 
PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX: | MIN | TYP | MAX | UNITS 


POWER OUTPUTS 
Voc = 10 to 25V, All Outputs ON Q 
lout: = louta = louts = louts = 1A 


lout: = loute = louts = louts = 0.7A 


Output ON Resistance Ron Voc = 10 to 25V, All Outputs ON 
(HIPO080) lout: = lout2 = louts = louts = 0.5A 


Voc = 5.5 to 10V, All Outputs ON 
lout: = lout2 = louts = louts = 0.4A 


HIPOO81 Output Off lorr | Inputs, IN_ Low, Voyt_ = 60V 

Current 

HIPO081 Output Leakage loFFLK | !nputs, IN_ Low, Voyt_ = 60V 

Current Voc = OV 

HIPOO80 Output Off lorF | Inputs, IN_ Low, Voyt_ = 25V 0.75 
Current Enable High 


Output ON Resistance 
(HIPO081) 


0.75 


HIPOO80 Output Leakage loreLK |!nputs, IN_ Low, Voyt = 25V 
Current Enable Low 7 


Over-Voltage Clamp Range Output Programmed OFF, Input Low 
Current Short Circuit Prot. (Note 2) 


Output ON-OFF Voltage (Resistive load) 
Ramp Rate 


Turn-On Delay Voc = 14V, Rioap = 142 


Turn-Off Delay Voc = 14V, Rioap = 142 
SUPPLY 


Power Supply Current 
Power Supply Reset Active 
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Specifications HIP0080, HIP0081 


Electrical Specifications Vo¢ = 5.5V to 25V + 5%, Ty = -40°C to +125°C; Unless Otherwise Specified (Continued) 


INPUTS 


DATAOUT (Open Drain) 


DIAGNOSTIC AND PROTECTION 


Over-Temperature 
Shutdown Threshold 


Shutdown Temp. Hysteresis 


Output Short-to-GND 
Threshold 


Short-to-GND Hysteresis -— Vout. = 5-5V to 16V 


Open-Load Resistance for 
No-Load Warning 


NOTES: 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | | MIN | TYP | MAX | 


SrurDow Gureriwoze | torow [Enmoerow sd «Lo amy 


Input Hysteresis Threshold (N.A. to HIPOO80 ENABLE } 0.85 | 
Input Pull-Down Resistance | Rep | IN1, IN2, IN3, IN4, ENABLE | 50 | 


Leakage Current Vpo = 7V, DO OFF (High) 


Serial Interface Clock Freq. (Note 4) 


Soot 
Seliehkia 
o ™lo * 


Filter Delay Time for O.L. or 
Short-to-GND 


UNITS 


al-|<|< 5a 
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1. The MOSFET Output Drain is internally Clamped with a Drain-to-Gate zener diode that turns-on the MOSFET to hold the Drain at the 
Vcctamp Voltage. Refer to the Electrical Specifications Table for the Vo_amp voltage limits. 


2. Each Output has Over-Current Shutdown protection in the positive current direction. The maximum peak current rating is determined by 
the minimum Over-Current Shutdown as detailed in the Electrical Specification Table. In the event of an Over-Current Shutdown the input 
drive is latched OFF. The output short must be removed and the input toggled OFF and ON to restore the output drive. 

3. Effective Heat Sinking for the HIPOO80 PLCC package requires a PC Board solder mount. For a PC Board layout having a ground plane 
of copper extending away from the package, the junction-to-air thermal resistance may be as low as 30°C/W. 


4. The maximum serial Clock Frequency may be limited by the time constant of the external load network at the DATAOUT pin. 


Diagnostic Interface Overview 


Each Quad Inverting Power Driver IC may be used as a sin- 
gle power switching driver, with or without the diagnostic 
interface. Where more than 4 Power Driver Switches are 
required, the HIPOO80 or HIPO081 may be used in a multiple 
IC cascade connection. In cascade operation, the diagnostic 
data from all chips is read as a single serial sequence of 
fault bits. As shown in the Functional Block Diagram each 
Output stage has voltage and temperature sensors to detect 


fault conditions while comparators and delay filters process 
the data. Four bits of diagnostic information is provided as 
fault feedback from each of the four output stages. When 
detected, the diagnostic data is put in a parallel diagnostic 
data register. Using the diagnostic control interface to 
address the system (one or more ICs in cascade), the fault 
data is transferred from the parallel diagnostic data register 
to a serial diagnostic data register as a sequence of 16 bits 
for each IC. 
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All diagnostic data bits may be read using the Chip Select 
(CS) and the Clock (CLK) inputs. The CLK input must be 
low, when CS goes active low. After reading the first bit at 
DO to determine if there is an error flag, the following 16 bits 
of serial diagnostic data may be clocked out of DO. Clocking 
the CLK input synchronously shifts the serial register data 
out of DO while cascaded data (from other devices or 
sources) is shifted into the DI input. As data is shifted out of 
DO, the parallel diagnostic data register is cleared on the 
first rising edge of the CLK input, following the CS low. After 
each16 clocks, cascaded diagnostic data from the next IC in 
sequence is then shifted out of the DO output. Shifting the 
serial diagnostic data out of DO is done as a continuous 
sequence, reading the data from all ICs in cascade while CS 
remains low. New diagnostic data can be stored in the paral- 
lel diagnostic data registers on each IC while the existing 
serial diagnostic data is read. 


Referring to Figure 1 and Figure 2, there are two sources 
that generate an OR’d Fault Flag at DO when CS goes low. 
The two fault data sources are (1) the on-chip fault detection 
and (2) the off-chip DI input from front end ICs in the cas- 
cade. The fault data bit, labeled DF (Data Fault) in Figure 2, 
contains the OR’d inputs from both sources. The DF bit is 
not part of the 16 bit serial diagnostic data sequence. In cas- 
caded operation, the DI input for the first of the selected 
chips should be tied low. And, in single IC operation (no cas- 
cade), the DI input should also be tied low. In cascaded 
operation, the Error Flags are cascaded via the DI inputs. 


The on-chip fault Error Flag goes high if any one of the 16 
diagnostic data fault bits have been set HIGH. This fault 
Error Flag bit precedes the 16 diagnostic data fault bits and 
is OR’d with all diagnostic data fault bits. The DF bit flags the 
presence of an Error Flag fault on the IC and in any part of 
the cascaded string, including DI data input. As shown in fig- 
ure 3 each IC in the cascade provides an output which is 
passed to the DI input of the following IC and is passed on 
as an OR’'d bit to the DO output of the last IC in the cascade. 
A fault condition is immediately evident without reading all 
diagnostic data bits. However, all bits must be read to deter- 
mine which chip and which diagnostic bit has been set. The 
Fault Flag is reset by the CLK input when the bits are read. 
When no fault condition is detected, it is not necessary to 


4 OUTPUTS AND 
4 BITS PER OUTPUT 


FIGURE 1. 


16 BIT PARALLEL 16 
DIAG. DATA REG. / . 


~*~ 16 BIT SERIAL 
DIAG. DATA REG. 


ERROR 
i FLAG BIT 


toggle the CLK input. When a fault is detected, at least one 
toggle of the clock is needed to reset the parallel diagnostic 
register which clears the register of all detected fault states. 


The last IC in the string ORs its own 16 fault bits in the paral- 
lel diagnostic register data and sends this data bit to an Error 
Flag register. The Error Flag register outputs the presence of 
a fault in one or more bits of the parallel diagnostic data reg- 
ister. As shown in Figure 2, the Error Flag is the first bit in 
front of the serial register and is input to OR Gate, U7 with 
the DI input. The DI input passes thru AND Gate, U6 when 
the GATE signal is high and output via the amplifier U8 to 
DO. The output amplifier U8 is active only while CS is low. 
When CGS is low, the RS Flip-Flop drives the GATE output 
high. When the GATE is high, the cascaded DF bits are 
jammed from DI to DO. All Error Flags in the cascade are 
cleared (by the CLK input) when the serial diagnostic data is 
clocked out of DO. 


The GATE is an internal control_signal that is forced high 
when the CLK input is low and CS goes low. The GATE will 
remain high, even when CS is returned to a high state, pro- 
vided the CLK input has not changed from a low state. This 
condition still applies when fault data is detected. The DO 
Output_is not latched; however, the Error Flag is latched 
when CS goes low and will not be updated until the next time 
CS goes low. The fault data is preserved as long as the CLK 
input does not go high. If the CLK is high when CS goes low, 
the GATE will be disabled and no cascade data will be 
shifted from DI to DO. Under normal conditions, the CLK sig- 
nal goes high to switch the GATE low and simultaneously 
shifts the first of 16 diagnostic data bits out of the serial diag- 
nostic data register to DO. The CS low input is not latched 
and must be held low while all data is shift of out DO. 


The diagnostic interfaces to the HIPOO80 and HIPO081 are 
SPI compatible. The microcontroller is programmed to con- 
trol the read and respond action based on the diagnostic 
readout. Normally the CS input is addressed and DO is read. 
If a fault is indicated by the Error Flag, all data is shifted out 
of DO and processed to determine the diagnostic fault condi- 
tion. The Error Flag bit does require a separate input back to 
the microcontroller to initiate the serial data shift. When the 
CLK signal starts, the serial sequence starting with the first 
of the 16 serial diagnostic bits is input to the microcontroller. 


DO 


=> 
SS 


(OPEN DRAIN) 


DIAGNOSTIC INTERFACE LOGIC 
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‘ ‘ 
CLK ' ; 


‘ ’ 
; —_— START OF 16 DIAGNOSTIC DATA BITS 


GATE 


DF + OT1 SB1 SG1 Oli 


OT2 SB2.... 


6 
ERROR FLAG BIT 


FIGURE 2. DATA AND CLOCK TIMING 


Serial Register Data Sequence 


The fault data follows the Serial Register Data Sequence of 
Table 1 in bit sequence and, in cascade, by IC sequence. In 
each of the 4 power switching output channels, the 
diagnostic sense circuits set 1 bit in the parallel diagnostic 
register for each of 4 diagnostics fault conditions. A total of 
16 diagnostics data bits are shifted to the serial register 
when CS goes low. Table 1 shows the order and sequence 
of the serial bits as they are shifted out of DO. The fault 
action that sets each of the diagnostics bits for each of the 4 
switches is described below: 


Bit 1 - Indicates a thermal overload when the sensed 
junction temperature of the output is greater than 150°C. 
When over-temperature is sensed, the sensor output directly 
gates-off the drive to the power output and the respective 
fault bit is set in the diagnostic register. When the chip is 
sufficiently cooled, the output is gated-on if the input remains 
ON. 


Bit 2 - Indicates the fault condition for an output-to-supply 
short (shorted load). A small value of resistance (~0.01Q) in 
the source-to-ground line of the output stage is used to 
sense the output short. A comparator senses the voltage 
level and filters the output to provide an input to the control 
stage and to the diagnostic register. The control state 
directly shuts down the output when an over-current condi- 
tion is sensed. Under this condition of fault, the input driver is 
latched off. To restore the output drive, the short must be 
removed and the input toggled OFF and then ON. A short to 
the supply is the only error condition that requires an input 
toggle reset. 


Bit 3 - Indicates the condition of an output to ground short. 
As shown in the Functional Block Diagram, each output 
stage has drain-to-supply (Vc¢c1) and drain-to-ground pull-up 
and pull-down resistors of approximately 10kQ to sense this 
condition. When the output is off and the sense level is low, 


SeeeeweeweeeeesBesesesSeSeSeSesesetesesa 


DI: \ 
: SHIFT ‘DO 
: REGISTER r= : 
; ‘ 
— ‘ ‘ 
: : 
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Di 
DI 


FIGURE 3. CASCADED CHIP OPERATION TO READ 
DIAGNOSTIC DATA 


an output-to-ground short is detected by the comparator. 
This condition is sensed when the output is pulled lower than 
0.24 x Vcc (typical). 


Bit 4 - Indicates the condition of an open load on the output. 
The same divider noted for Bit 3 is used to set the output 
level. If the sense level is at or near the mid-range of the 
voltage supply, Voo1 when the output is in the off condition, 
a no-load condition is detected. 


TABLE 1. SERIAL REGISTER DATA SEQUENCE 


FAULT 
CHANNEL NO. FAULT FUNCTION SYMBOL 


3 [ shottoereune [86 
[oven teas 
= [overionparive [ore 
2 | shetesumy | 582 
Ce 
= 
0 


Switch 
Channel 2 


[orentews | oR 
Tt | Sree Ground 
[72 [Onenteee | 08 
= 


Switch 
Channel 3 


Switch 
Channel 4 


Over-temperature 


re 
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Dissipation In Multiple Outputs 


The HIPOO80 and HIPOO81 Power Drivers have multiple 
MOS Output Drivers and require special consideration with 
regard to maximum current and dissipation ratings. While 
each output has a maximum current specification consistent 
with the device structure, all such devices on the chip can 
not be simultaneously rated to the same high level of peak 
current. The total combined current and the dissipation on 
the chip must be adjusted for maximum allowable ratings, 
given simultaneous multiple output conditions. 


For the HIPO081, the maximum positive output current rating 
is 3A when one output is ON. When ALL outputs are ON, the 
rating is reduced to 1.2A because the total maximum current 
is limited to 5A. For any given application, all output drivers 
on a chip may or may not have a different level of loading. 
The discussion here is intended to provide relatively simple 
methods to determine the maximum dissipation and current 
ratings as a general solution and, as a special solution, 
when all switched ON outputs have the same current load- 
ing. 

General Solution 


A general equation for dissipation should specify that the 
total power dissipation in a package is the sum of all 
significant elements of dissipation on the chip. However, in 
Power BiMOS Circuits very little dissipation is needed to 
control the logic and predriver circuits on the chip. The 
overall chip dissipation is primarily the sum of the IR dissi- 
pation losses in each channel where the current, | is the out- 
put current and the resistance, R is the NMOS channel 
resistance, Rogon) Of each output driver. As such, the total 
dissipation, Pp for n output drivers is 


n 
Po = > Px 
K=1 


This expression sums the dissipation, PK of each output 
driver without regard to uniformity of dissipation in each 
MOS channel. The dissipation loss in an NMOS channel is 


(EQ. 2) 


(EQ. 1) 


Px = \2 xX Rosion) 


where the current, | is the determined by the output load 
when the channel is turned ON. The channel resistance, 
Rpson) 'S a function of the circuit design, level of gate volt- 
age and the chip temperature. Other switching losses may 
include I?R lost in the interconnecting meta! on the chip and 
bond wires of the package. 


The temperature rise in the package due to the dissipation is 
the product of the dissipation, Pp and the thermal resis- 
tance, 8jc of the package (Junction-to-Case). To determine 
the chip junction temperature, Ty, given the case (heat sink 
tab) temperature, Tc, the linear heat flow solution is 


Ty =To + Pp x @jc or Te = Ty- Pp X Ojo (EQ. 3) 


Since this solution relates only to the package, further con- 
sideration must be given to a practical heat sink. The equa- 
tion of linear heat flow assumes that the thermal resistance 
from Junction-to-Ambient (8,4) is the sum of the thermal 
resistance from Junction-to-Case and the thermal resistance 
from Case (heat sink)-to-Ambient. The Junction-to-Ambient 
thermal resistance, 0), is the sum of all thermal paths from 


the chip junction to the ambient temperature (T,) environ- 
ment and can be expressed as 


Oya = 85c + Bea (EQ. 4) 
The Junction-to-Ambient equivalent to Equation 3, 3A is 

Ty = Ty + Pp X Oy, OF Ty = Ty - Pr X 85a. (EQ. 5, 5A) 
Not all Integrated Circuit packages have a directly defineable 


case temperature because the heat is spread thru the lead 
frame to a PC Board which is the effective heat sink. 


Calculation Example 1 


For the HIPO081, 8), = 3°C/W and the worst case junction 
temperature, as an application design solution, should not 
exceed 150°C. For a given application, Equation 1 deter- 
mines the dissipation, Pp. 


Assume the package is mounted to a heat sink having a 
thermal resistance of 6°C/W and, for a given application, 
assume the dissipation is 3W and the ambient temperature 
(Ta) is 100° C From Equation 4, 84, is 9°C/W. The solution 
for junction temperature (Tc) by Equation 3 is 


T, = +100°C + 3W x 9°C/W = +127°C 
Calculation Example 2 


Assume for the HIP0080, 8), = 30°C/W mounted on a PC 
Board with good heat sinking characteristics. Again, the 
worst case junction temperature, as an application design 
solution, should not exceed +150°C. Assume from the appli- 
cation, based on Equation 1, the dissipation, Pp = 1.5W. The 
maximum junction temperature is known and can be used to 
determine the maximum allowable ambient temperature 
from Equation 5A as follows: 


Ts, = +150°C - 1.5W x 30°C/W = 105°C 
Equal Current Loading Solution 


Many applications may have equal current loading in the 
output drivers with equal saturated turn ON and temperature 
conditions. As such, a convenient method to show rating 
boundaries is to substitute the dissipation Equation 2 into 
the junction temperature Equation 3. For m outputs that are 
ON and _ conducting with equal currents, where 
l=1,=Io.....=lp, we have the following solution for dissipation: 


Pp =mxPxK=mx I? x Rpson) (EQ. 6) 


ee (EQ. 7) 
mE ie ~" ps ON) 


The number of output drivers ON and conducting (m) may 
be from 1 ton. (i.e., For all four output drivers of the HIPO0O81 
ON, m=4.) Maximum temperature, dissipation and current 
ratings must be observed. For a defined number of conduct- 
ing Power MOS Output Drivers, we can plot the results for m 
devices showing | vs Tc. 


Given the HIPOO81 as an example, Figure 4 and Figure 5 
illustrate the boundaries for temperature and current. Figure 
4 shows the maximum current for a single output ON while 
Figure 5 shows the maximum current for all four outputs ON 
with equal current plotted versus Case Temperature, Tc. 
Boundary conditions relate to the Absolute Maximum Rat- 
ings as defined in the Data Sheet. 
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MAX. DRIVER OUTPUT CURRENT 


MAX. DRIVE CURRENT, ALL OUTPUTS ON 


SINGLE OUTPUT ON (A) 


(WITH EQUAL CURRENT) (A) 
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MAX +lout(pc) 


CURVE (1): Rps(on) 2102 
(2) CURVE (2): Rpson) = 0.52 
THERMAL RESISTANCE, @jc = 3°C/W 


75 100 125 
CASE (HEAT SINK TAB) TEMPERATURE (°C) 


RANGE OF SHORT 
CIRCUIT CURRENT PROT. 
(SINGLE DEVICE RANGE 
OF SHUTDOWN) 


150 


FIGURE 4. HIP0081 MAXIMUM SINGLE OUTPUT CURRENT vs CASE (TAB) TEMPERATURE 


50 


MAX. ALL ON 
CURRENT LIMIT 
(EQUAL CURRENT) 


a (3) CURVE (3): Rps(on) =10 
——o—— (4) CURVE (4): Rpgion) = 0.52 


THERMAL RESISTANCE, 0jc = 3°C/W 


75 100 125 
CASE (HEAT SINK TAB) TEMPERATURE (°C) 


150 


FIGURE 5. HIP0081 CURRENT vs CASE (TAB) TEMPERATURE, ALL OUTPUTS ON WITH EQUAL CURRENT 


DISSIPATION WATTS (W) 


-50 


HIPO081 WITH EXT. 
6°C/W HEAT SINK 
(Oya = 9°C/W) 


HIPO080 WITH Oy, = 30°C/W 
(PC BOARD AS HEAT SINK) 


-25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) 


FIGURE 6. DISSIPATION DERATING CURVES 
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HIPOO81 WITH INFINITE 
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SEMICONDUCTOR 


HiP0082 


Quad Power Driver with 
Serial Diagnostic Interface 


PRELIMINARY 


April 1994 


Features 
¢ Low Side Power MOSFET Output Drivers 
- Output Voltage Rating 
- Maximum Output Current Switching 
- Max. Output Rposon (Ty = +1 50°C) eee eee 0.572/0.62Q 
Programmable Output Current Limiting 
- Bit Select 2A or 5A on Outputs 3 and 4 
Output Protection 
- Output Over-Current Shutdown 
- Output Over-Voltage Clamp 
- Over-Temperature Diagnostic Feedback 
Diagnostics for Shorts, Opens and Over-Temperature 
Synchronous Serial Interface with 
- 22-Bit Serial Diagnostic Register 
- SPI Compatible Interface 
Single 5V Supply Operation with CMOS Logic Inputs 
Low Icc Supply Current with Full Load 
Low @jc Power SIP Package 
e -40°C to +125°C Operating Temperature 


Applications 


e¢ Drivers For 
- Solenoids 
- Relays - Steppers 
- Power Output - Motors 
- Lamps - Displays 


e System Use 
- Automotive 
- Appliances 
- Industrial 
- Robotics 


- Injectors 


Pinout 
HIP0082 (SIP) 
TOP VIEW 


HEAT SINK TAB INTERNALLY CONNECTED 
TO PIN 8 GROUND (Vgs) 


SIS 21249 
2 ble £18 3 
Oo oO 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1994 
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Description 


The HIPOO82 Quad Power Driver contains four individually 
protected NDMOS transistor switches to drive inductive and 
resistive loads such as: fuel injectors, relays, solenoids, etc. 
The outputs are low-side switches driven by active-low 
CMOS logic inputs. Each output is protected against exces- 
sive current due to a short-circuit. Internal drain-to-gate 
zener diodes provide output clamping for over-voltage. An 
integrated charge pump allows operation from a single 5V 
logic supply. Diagnostic circuits provide ground short (SG), 
supply short (SC) and open load (OL) detection for each of 
the four output stages and indicate over-temperature. Diag- 
nostic information may be read via a synchronous serial 
interface. Six bits of write/store data controls the OL fault 
delay time or sets Outputs 3 and 4 to the 2A or 5A mode. 


The HIP0082 is fabricated in a Power BiMOS IC process and 
is intended for use in automotive and other applications with 
a wide range of temperature and electrical stress. It is partic- 
ularly suited for driving high-current inductive loads requiring 
high breakdown voltage and high output current. 


The HIPOO82 is supplied in a 15 Lead Power SIP package 
with lead form options for either vertical or surface mount. 


Ordering Information 
TEMPERATURE PACKAGE AND 
PART NUMBER RANGE LEAD FORM 
HIPOQO82AS1 -40°C to +125°C | 15 Lead Plastic SIP 
Staggered Vertical Mount 
HIPOO82AS2 -40°C to +125°C | 15 Lead Plastic SIP 
Surface Mount 


Block Diagram 


FILTER 
— FILTER/ ; 
Vee 
WRITE 
—Y store 


File Number 
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Specifications HIPO082 


Absolute Maximum Ratings Thermal Information 

Supply Voltage (Logic and Control), Veg ... 2... eee -0.3V to7V Thermal Resistance Bya 8c 
Power MOSFET Drain Voltage, Vo (Note 1)........ -0.7 to Voramp Plastic 15 Lead SIP Power Package ..... 45°C/W = 3°C/W 
Output Clamp Energy, Egy oiccccscsaveccanscncaasess TBDmJ Power Dissipation 

Input Voltage (Logic and Driver Inputs), Viy ....-0.5V to Veg +0.5V Up to +125°C without heat sink............. 0.0 e eee 0.56W 
Maximum Output Current, Outputs 1 and2 ................ +2A Above +125°C without Heat Sink .. .Derate Linearly at 22mW/°C 
Maximum Output Current, Outputs 3 and4 ................ +5A Up to +125°C with Infinite Heat Sink..............0.. 8.33W 
Maximum Total Output Current, All Outputs ON............. +8A Above +125°C with 

Maximum Peak Output Current, loimax), (Note 2)....... -5A to Isc Infinite Heat Sink ............. Derate Linearly at 333mW/°C 
Operating Ambient Temperature Range......... -40°C to +125°C Lead Temperature (During Soldering) 

Operating Junction Temperature Range ........ -40°C to +150°C At a Distance 1/16 inch 1/32 inch (1.59mm +0.79mm) 

Storage Temperature Range, Tstg.......------ -55°C to +150°C from: Gase for 10S MAX. 6c cccc anne seca vue es wee ve x +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vo, = 5V 10%, Ts = -40°C to +125°C; Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


POWER OUTPUTS 
Output ON Resistance (Normal Mode) Rosoni: Outputs 1 and 2, One Output ON, 0.62 Q 
Ropsone2 lout = 2A, Ty = +1 50°C 
Rosons, | Outputs 3 and 4, One Output ON, 0.57 Q 
Rpsona lout = 2A, Ty = +1 50°C 
Rpsonio_: | Outputs 1 and 2, One Output ON, 6.2 Q 
Rpson20L lout = 10mA, Ty = +150°C 
Rpsonso., | Outputs 3 and 4, One Output ON, 5.7 Q 
RpsonsoL lout = 10mA, Ty = +150°C 


Over-Current Shutdown Time, tsc1, loutx = !sevty, ps 

Outputs 1 and 2 tsce2 From 30% of INx to 30% of OUTx 

Over-Current Shutdown Time, tsc3; loutx= Isc), Us 

Outputs 3 and 4 tsc4 From 20% of INx to 20% of OUTx 

Output Positive Voltage Ramp Rate Voc = 12V, Ind. Load 120mH with 5 40 V/s 
6Q in Series; Measure 25% to 75% 

Output Negative Voltage Ramp Rate Voc = 12V, Ind. Load 120mH with 2 12 V/s 
6Q in Series; Measure 75% to 25% 

Output Negative Voltage Ramp Time at Voc = 12V, Resistive Load, Us 

Maximum Load loutx = 2A, Measure 90% to 10% 

Turn-Off Delay twOFF) Voc = 12V, Ry = 60 0.5 3 LS 
From 50% of INx to 10% of OUTx 


Output Leakage Current lik INx = High, Voytx = 72V Poe Poe | 8] pA 


Maximum Currentin Open-Load Detection loumax) | Rosonwmax) = 9-72 or 6.20 180 mA 

Mode. 

Minimum Current in Normal Mode I NM(MIN) Roson(Max) = 9.57Q or 0.622 0.4 X 0.95 X mA 
loL(MAX) loL(MAX) 


Power Supply Current loc Standby, No Load a a ee 
Low Vg Shutdown Threshold (Note 3) | 34 [= 


Output ON Resistance, Open-Load Detec- 
tion Mode 
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Specifications HIPO082 


Electrical Specifications Voc = 5V +10%, Ts = -40°C to +125°C; Unless Otherwise Specified (Continued) 


[____Paraweven | Svwaou | _Testconomons [| win] TvP_] wax | UNTS. 


INPUTS (INx, CS, CLK, RST, R/W, TXD) 
0.2 X V 
Vec 
0.7 x Voc + V 
Voc 0.3 
[0.85 V 
Input Pull-Up Resistance f. Rn | | 20 | 
Input Current | in| Vin = High —— 


TXD Pin (R/W = High) 
Three-State Leakage Current CS = High, Vrxp = Veco 


Logic High Output Voltage loy = -4mA, CS = Low 


Logic Low Output Voltage lo. = 3.2mA, CS = Low 
DIAGNOSTIC AND PROTECTION 


Over-Temperature Detection Threshold 


Over-Temperature Hysteresis 


Output Short-to-Gnd Threshold Vsq 


Short-to-Gnd Filter Time | tga | 


Low-Level Input Voltage 


High-Level Input Voltage 


Input Hysteresis Voltage Vuys 


} * 
Q 
(?) 


fe) 
BS 


a 


Open-Load Threshold for High Roson loty 


Pull-up Resistance for Open-Load Rot 
Detection 


Open-Load Delay Time after INx H>L toout Td_OLx Bit = Low 
Td_OLx Bit = High (Note 4) 


Open-Load Delay Time after INx HL 


SERIAL INTERFACE (See Figure 3) 
Serial Clock Frequency 50% Duty Cycle, Cex7 = 50pF 
Propagation Delay CLK to Data Valid 
Setup Time, CS to CLK 

CS Low to Data Valid 

Hold Time CS after CLK 

CS High to Output High Z 
Minimum Time CLK = High 
Minimum Time CLK = Low 

Setup Time R/W Low to CLK 

R/W Low to Output High Z 

Setup Time Data Valid to CLK Low 


Setup Time R/W High to CLK 
Time R/W High to Data Valid 


NOTES: 


1. The MOSFET Output Drain is internally clamped with a Drain-to-Gate zener diode that turns on the MOSFET to hold the Drain at the 
VcLamp Voltage. Refer to the Electrical Specifications Table for the Voy amp voltage limits. 


2. Each Output has Over-Current Shutdown protection in the positive current direction. The maximum peak current rating is set equal to the 
minimum Over-Current Shutdown as detailed in the Electrical Specification Table. In the event of an Over-Current Shutdown the input 
drive is latched OFF. The output short must be removed and the input toggled OFF and ON to restore the output drive. 


3. The “Low Vcc Shutdown” is an internal control that switches off all power drive stages when Vcg is less than Vecitowy- 
4. Measurement includes the Filter Time. 


lal asl |<af 
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HIPO082 


Functional Description 
Reset Operation 


There are two ways to reset the IC. The first is at power-up, 
when the on-chip reset circuitry ensures that all counters 
and registers are reset and that the programmable functions 
are in their default states. The second way occurs when the 
RST pin is switched active low. 


After a reset (and after power-up) the short-circuit current (3, 
4) is set to the higher value and the delay times for the 
open-load circuits are set to the higher value between 3ms 
and 5.2ms. 


Low Power Drive Shutdown 


There is a low voltage power drive shutdown when the sup- 
ply voltage, Voc drops below the voltage threshold, 
Vec(Low): During the low voltage condition the output stages 
are held off. 


Over-Voltage Clamp Operation 


A drain-to-gate zener diode on each output driver internally 
clamps an over-voltage pulse, including the kick pulse gen- 
erated when turning off an inductive load. While providing 
over-voltage protection, it is not part of the diagnostic feed- 
back via the Diagnostic Register. 


Short-Circuit Protection 


If the output current is above the current limit for a time 
greater than tsc the output is switched off and the correspond- 
ing bit in the diagnostic register set. The current level for shut- 
down on outputs 3 and 4 is programmable between 2A and 
5A with the ISC bit. After shutdown, the output remains off 
until the corresponding input is taken high and again low. 


Open-Load Detection 


Load currents are monitored while the outputs are ON. If a 
load current is below the Io, threshold, an open-load condi- 
tion is detected. After a delay time topo, (which is program- 
mable between two levels) the condition is stored in the 
diagnostic register. The outputs of the open-load compara- 
tors (OL) are also connected directly to the diagnostic regis- 
ter so that they can be monitored via the serial interface. 


Output Short-to-Ground Detection 


When the voltage on an output pin is below Vgg and the out- 
put is off, a ground short is detected and stored in the diag- 
nostic register after a delay tsg. The outputs of the short-to- 
ground (SG) comparators are also connected directly to the 
diagnostic register so that they can be monitored via the 
serial interface. 


Serial Interface Operation 


Microprocessor communication to the diagnostic/control reg- 
isters is via a 4 wire serial interface. Data control is bidirec- 
tional, the direction of data transfer being dependent on the 
state of the R/W pin (See Figure 1). 


Diagnostic Read Operation 


When CS goes from high to low (while CLK is high), the TXD 
pin exits three-state and outputs the FSB bit which indicates 
whether any of the other bits in the shift register are set. All 
data can be read on the high-to-low transition of the clock 
input (see Figure 2). The bit descriptions are as follows: 


FSB Bit - Indicates that one or more of the bits in the diag- 
nostic register are set. 


; fcLk 
Se | 
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ZZ = HIGH IMPEDANCE 


FIGURE 1. SERIAL INTERFACE TIMING DIAGRAM 
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HIPO08&2 


TMP Bit - Indicates that the chip temperature has exceeded 
the limit Ty,yp. The outputs are not switched off when this 
occurs; the condition is indicated by the setting of the TMP 
bit. Sensors for the TMP bit are located near the power driv- 
ers and are OR'd to provide a single bit for the chip. 


SCx Bits - Indicate a short-circuit to battery or over-current 
on the corresponding output. 


OLx Bits - Indicate that no load (or a high resistance load) is 
connected to the corresponding output. 


SGx Bits - Indicate that the voltage on the corresponding 
output is below the Vgg limit. 


The final 8 bits (most significant bits) of the diagnostic word 
indicate the states of the open-load and short-to-ground 
comparators when the CS pin went from high to low. Using 
this feature, an external microprocessor can monitor the sta- 
tus of the OL and SG comparators directly. 


Diagnostic Write Operation 


When the R/W pin is in the low state it is possible to write six 
bits to the IC to influence its mode of operation. The write 
operation is illustrated in Figure 3. The programmable bits 
are as follows: 


Test Bit - Used to put the IC in test mode (not recom- 
mended). This bit should be low for normal operation. 


ISC Bit - This bit programs the short-circuit level for outputs 
3 and 4. When this bit is set high the lower value for the cur- 
rent shutdown threshold is set. 


Td_OLx Bits - These bits set the delay times for the open- 
load measurements individually for each of the four outputs. 
A logical high sets the open-load delay time to its shorter 
value. 


CLK 


ZZ = HIGH IMPEDANCE 


Pin Descriptions 


Vee and GND - 5V Supply and Ground connections. A 
charge pump is used to boost the Power MOSFET gate 
drive. This allows a single 5V supply to satisfy all logic and 
drive requirements. 


OUT1 - OUT4 - Low-side output drivers with 0.62Q (OUT1 
and OUT2) or 0.57Q (OUT3 and OUT4) on resistance. The 
outputs are provided with over-current shutdown and over- 
voltage clamping. Additionally open-load and_ short-to- 
ground detection is carried out when the outputs are ON. 


IN1 - IN4 - Active-low CMOS logic inputs which control the 
output stages OUT1 - OUT4. These inputs are provided with 
pull-up resistors. 


RST - Active-low logic-level reset input with internal pull-up 
resistor. When RST is in the low state all outputs are off and 
all registers and counters are reset. When the reset pin is 
taken high the IC remains in reset mode for a time tpsr. 


CLK - Clock input for synchronous serial interface with inter- 
nal pull-up resistor. This input must be high when CS transi- 
tions from high to low. 


CS - Active-low chip select input for serial interface. This 
input has an internal pull-up resistor. 


R/W - Read/write control pin for serial interface. This input 
controls whether the TXD pin is an input or output. 


TXD - Bidirectional data pin for serial interface. When RW is 
high diagnostic data can be read from HIPO0O82. When R/W 
is low, 6 bits may be written to the internal program register. 


DIRECT COMPARATOR OUTPUTS 


FIGURE 2. SERIAL INTERFACE READ OPERATION 


CLK 


TXD 


ZZ = HIGH IMPEDANCE 


FIGURE 3. SERIAL INTERFACE WRITE OPERATION 
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HIGH SIDE SWITCHES SELECTION GUIDE ..... 
HIGH SIDE SWITCHES DATA SHEETS 


CA3273 

HIP 1030 

HIP 1031 

HIP 1090 
HV400 
HV400MJ/883 
ICL7667 


High-Side Driver......... 


"2 8 © © © © © © © © © ew ee we we we ee ew eee ee eee ee we we ee ee ee ee we we we 


, 


1A High Side Driver with Overload Protection ....... 0.0... cece eee eee 


Half Amp High Side Driver with Overload Protection ................ 0.0.00 eee eee 


Protected High Side Power Switch with Transient Suppression .................05. 
High Coren MOSrel DING cxccceccgeedrnnisaseseerystareegerasveeusarea 
Mia CEnet MOSEL! ONVE .ccccau tees candedeaeieeneesnrdceness ceereenered 


Dual Power MOSFET Driver 
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HIGH SIDE 
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High Side Switches Selection Guide 


MAX DC SUPPLY PEAK MAX DC MAX RECOMMENDED 
TYPE FUNCTION | SUPPLY RANGE CURRENT CURRENT PACKAGE APPLICATIONS 


PROTECTED POWER SWITCHES 

CA3273 Single 40V 4V to 24V 1.2A 0.6A 3 Lead Mod. | Solenoid, Relay, 
Power TO-202 Lamp and Motor 

HIP1030 Single 35V 4.5V to 25V 2.5A 1.1A 5 Lead Solenoid, Relay, 
Power TS-001AA Lamp and Motor 

HIP1031 Single 35V 4.5V to 25V 1.7A 0.7A 5 Lead Solenoid, Relay, 
Power TS-001AA Lamp and Motor 

HIP1090 Single +90V, 4V to 16V 2A 1A 3 Lead Solenoid, Relay, 
Power 15ms TO-220 Lamp and Motor 


DC 
MAX SUPPLY PEAK MAX MAX RECOMMENDED 
TYPE FUNCTION SUPPLY RANGE CURRENT FREQUENCY APPLICATIONS 


MOSFET DRIVERS 


HV400 Single 35VDC 15V to 30V 6A (Source) 20kHz (MC) 8 Lead PDIP | SMPS, 
High Speed 30A Sink 200kHz and SOIC FET Drivers., and 
ian load bd (Pulsed) (SMPS) Motor Controllers 
ICL7667 Dual Power 15V 4.5V to 15V | 1.5A (Pulsed 200kHz 8 Lead SMPS, 
Gate) TO-99,PDIP, | FET Drivers, and 
CerDIP, and Motor Controllers 
SOIC 


FiARRIS 


SEMICONDUCTOR 


April 1994 


Features 

¢ Equivalent High Pass P-N-P Transistor 

* Current LINING..<«ccseneanswencedaniee 0.6A to 1.2A 

+25V to +40V 
+150°C 


Over-Voltage Shutdown 
Junction Temperature Thermal Limit 
Equivalent Beta of 25 


Internal Bandgap Voltage and Current Reference 


Applications 

e¢ Fuel Pump Driver 
Relay Driver 
Solenoid Driver 
Stepper Motor Driver 
Remote Power Switch 


Logic Control Switch 


CA3273 (SIP) 
TOP VIEW 


(3) Vo (LOAD) 
(2) Vsw (CONTROL) 
(1) Voc (SUPPLY) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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CA3273 


High-Side Driver 


Description 


The CA3273 is a power IC equivalent of a P-N-P pass tran- 
sistor operated as a high-side-driver current switch in either 
the saturated (ON) or cutoff (OFF) modes. The CA3273 
incorporates circuitry to protect the pass currents, excessive 
input voltage, and thermal overstress. The high-side driver is 
intended for general purpose, automotive and potentially 
high-stress applications. If high-stress conditions exist, the 
use of an external zener diode of 35V or less between sup- 
ply and load terminals may be required to prevent damage 
due to severe conditions (such as load dump, reverse bat- 
tery and positive or negative transients). The CA3273 is 
designed to withstand a nominal reverse-battery 
(VBAT = 13V) condition without permanent damage to the 
IC. The CA3273 is supplied in a modified 3-lead TO-202 
plastic power package. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


CA3273 -40°C to +85°C TO-202 Modified SIP 


Block Diagram 


OUTPUT PASS 
Rg TRANSISTOR 


Vcc 


CONTROL 
INPUT 


2113.4 


File Number 


HIGH SIDE 
SWITCHES 


Specifications CA3273 


Absolute Maximum Ratings 


Thermal Information 


Fault Max, Supply Voltage, Veg os. s06 cs tenenasscweeccenys 40V Thermal Resistance Bsa 
Maximum Operating Voc: Pinstic SIP PaCha06 iscsi vend wncvasndvenictiecndas +70°C/W 
At lp=400mA (-40°C to +85°C Ambient) ............... 16V Maximum Power Dissipation, Pp 
At lp=600mA (-40°C to +25°C Ambient) ............... 24V At +25°C Ambient, Ty (Note 1)... .. 00. cee eee cere cece 1.8W 
Max. Positive Output Peak Pulse, Vgw Open .......... Voco+12V Derate above +25°C (No Heat Sink) ............. 14.3mWPC 
Max. Operating Output Load Current .................. 600mA Maximum Junction Temperature, T; (Note 2)............. 150°C 
Short Circuit Load Current, Igo ....... cee eee Internal Limiting Ambient Operating Temperature Range.......... -40°C to +85°C 
PE OY ck dare xos.s beers ees deundynneenes dma -13V Storage Temperature Range..............266- -40°C to +150°C 
Lead Temperature (Soldering 10s max) .............54- +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications —T, = -40°C to +85°C, Unless Otherwise Noted, See Block Diagram for Test Pin Reference 


PARAMETERS SymBOL | TEST CONDITIONS Care ae Toe 


“_ peinearin ee 


Over-Voltage Shutdown Threshold VeccTHD) Vsw = OV,R, = 1kQ, Increase Veo, V 
(Vo goes low) 
Over-Current Limiting 


ae a 
ISw(Nt) Vo = Open,(Switch OFF) 
Voc = 24V,Vsw = 23V 
Voc = 7V, Vsw = 6V 
Vo = OV, Veg = 16V, (Switch OFF) 
NOTES: 


1. The calculation for dissipation and junction temperature rise due to dissipation is: Pp = (Veg - Vo)X lo + Voc X Igy and 
Ty = Ta + Pp X 8), where T, is device junction temperature, T, is ambient temperature and 8), is the junction-to-ambient 
thermal resistance. 


2. Thermal limiting occurs at +150°C on the chip. 


Ty = +85°C, Voc = 16V 


Ta = +25°C,Voc = 24V 


Over-Temperature Limiting 


Control Current, Switch ON 
lo = O0mA 


Voc = 24V,Vsw = OV, lo = -600mA 


Ri = 40Q, Vsw =1V 


3 


ce be eee 


Control Current, Max. Load 
Switch ON 


Max. Control Current,High and 


Low V 
” Voc = 24V 


Min. Control Current, No Load, 
Switch OFF 


Output Current Leakage 


Vew =16V +100 


+100 


CA3273 


FOP PAPAASAAPSAASAAAPAPBAAASPSAASFAAAAPSPPAPBABPAGSSASASAAASAAPAAASHFAPSA#APPHASAASCH#AAGAABAOD 


OUTPUT PASS 
Rs TRANSISTOR 


THERMAL CURRENT 
LUMIT LIMIT 


V 


Oo 
(3) OUTPUT 


Vcc 
INPUT 


OVER-VOLTAGE 
VOLTAGE/CURRENT 
REFERENCE SHUTDOWN 
OUTPUT DEVICE 


BASE DRIVE 
ee CIRCUIT 


Sweeeeweeeeesteeeereeneteaeau=a weeeeey 


Beweeeemeewreeueewrueeeeeeeeefeeeeacea 


SRP SHA AAHRAASHAAPSAAHPFAABFAABAABFAEBBAABGABABAAAEABAABSEFAABASABRASABAAEAEAAAAAABAEAABABABBABBEAPBeBABBBeEABE 


Vsw 
CONTROL INPUT 


FIGURE 1. FUNCTIONAL BLOCK DIAGRAM OF CA3273 


+4 TO +24V Ri WW if 
(SUPPLY INPUT) | aus oO = 
L O 
ON CONTROL 3 = 

ON CONTROL © 
weil INPUT © == 


1KQ 


= == 2N5320 
OFF 2 or 


OR EQUIVALENT 


2N5320 
OR EQUIVALENT 


FIGURE 2. TYPICAL APPLICATION WITH ZENER DIODE FOR FIGURE 3. OPTIONAL RANGE SHIFTING OF THE Vcc INPUT 


DISSIPATION WATTS (W) 


OVER-VOLTAGE PROTECTION WITH INDUCTIVE 
LOAD SWITCHING. Vz SHOULD BE LESS THAN 
35V. WHEN CURRENT IS SWITCHED OFF IN THE 
OUTPUT LOAD (L), THE INDUCTIVE KICK PULSE 
GOES NEGATIVE. THE CLAMPED CLAMP LEVEL 
OF THE NEGATIVE GOING PULSE IS Vo, - Vz. 


DERATING 70°C/W 
(WITHOUT HEAT SINK) 


TEMPERATURE (°C) 


FIGURE 4. DISSIPATION DERATING CURVES 


VOLTAGE USING A ZENER DIODE TO OFFSET 
THE Vsy CONTROL PIN. (I.E., THE OVER-VOLT- 
AGE SHUTDOWN THRESHOLD WILL BE IN- 
CREASED TO Veep) + Vz AND THE MINIMUM 
Vcc OPERATING VOLTAGE IS Vz + 4V). 


RESISTIVE 


vy SOLENOID 
=i! 7 


rrr) RELAY 


FIGURE 5. TYPICAL LOADS 
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April 1994 


Features 


e Over Operating Temperature Range -40°C to +125°C 
- 1V Max Vsat atiA 
- 1A Current Switching Capability 
- 4.5V to 25V Power Supply Range 


Over-Voltage Shutdown Protected 
Over-Current Limiting 

Thermal Limiting Protection 
60Vp, Load Dump 

Reverse Battery Protection to -16V 


Applications 

¢ Motor Driver/Controller 

e Driver for Solenoids, Relays and Lamps 
e MOSFET and IGBT Driver 

¢ Driver for Temperature Controller 


Ordering Information 


HIP1030 


1A High Side Driver with 
Overload Protection 


Description 


The HIP1030 is a High Side Driver Power Integrated Circuit 
designed to switch power supply voltage to an output load. It 
is the equivalent of a PNP pass transistor operated as a 
protected high side current switch in the saturated ON state 
with low forward voltage drop at the maximum rated current. 
The HIP1030 has low output leakage and low idle current in 
the OFF state. 


The Functional Block Diagram for the HIP1030 shows the 
protection control circuit functions of over-current, overvoltage 
and over-temperature. A small metal resistor senses over- 
Current in the power supply path of the pass transistor and 
load. Overvoltage detection and shutdown of the output driver 
occurs when a comparator determines that the supply voltage 
has exceeded a comparator reference level. Over- 
temperature is sensed from a Vpe¢ differential sense element 
that is thermally close to the output drive transistor. In addition 
to the input detected overvoltage protection, negative peak 
voltage of a switched inductive load is clamped with an inter- 
nal zener diode. An internal bandgap voltage source provides 
a stable voltage reference over the operating temperature 
range, providing bias and reference control for the protection 
Circuits. 


NUMBER RANGE PACKAGE relays, and solenoids in automotive and industrial control 
AP : : applications where voltage and current overload protection 
situa “40°C to +125°C = | SLead TS-OO1AASIP | 2+ high temperatures is required. The HIP 1030 is supplied in 


a 5 lead TS-001AA Power SIP package. 


Pinout Functional Block Diagram 


HIP1030 (SIP) 
TOP VIEW 


5 Viy (CONTROL) 
4 GND 

3 TAB GND 

2 Voyr (LOAD) 


Vv 
1 Voc (SUPPLY) SUPPLY 


VEN CURRENT THERMAL CONTROL 
VOLTAGE LIMIT LIMIT CIRCUIT 
SHUTDOWN [= 

TEES 


HIP1030 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. File Number 278 8 5 
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Specifications HIP1030 


Absolute Maximum Ratings Thermal Information 

Max. Supply Voltage Voc ........ See O.V. Shutdown Limit, Voysp 4 Thermal Resistance Bua Byc 

Input Voltage, Vin (Note 1).............000ee -1V to (Veg - 0.5V) Plastic SIP Package 2. 6 cisc ceca ve vn 50°C/W 4°C/W 

Load CUNGML, loiy cies sev cde cvascwswecewuns Internal Limiting | Maximum Power Dissipation (Note 2) 

Load Dump (Survival) ........ 02.00 cece cee cee ee ceee +60Vpx At Ta = +125°C, Infinite Heat Sink................600. 6.25W 

Fleverse Ballery .. cee accsnxssveccerecneeesnevaseunes -16V Maximum Junction Temperature, Ty............200eeeee 150°C 
Ambient Operating Temperature............... -40°C to +125°C 
Storage Temperature Range.................. -40°C to +150°C 
Lead Temperature (Soldering 10s max) ................ +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications —T, = -40°C to +125°C, Vi = 2V, Voc = +12V, Unless Otherwise Specified. 


panaweTens | SvMBOL | TEST CONDITIONS vee eC oNITS 


Over-Temperature | Over-Temperature Limiting 


Negative Pulse se = -100MA; Voc = 4.5V to 25V <— 35) <_s 30.5) = - |< 
Output Clamp Voltage 


Short | Short Circuit Current Limiting Current | Short Circuit Current Limiting (Note 4) 


oe a 
alae Os Renn OM SO 
Ea ON 
CC 


or Current, Full Load <= Vin = 2V3 lout = 1.0A; 1.05 1.1 A 
Input Control ON 
Supply Current, No Load looMIN Vin = OV; lout = 0A; pA 
Input Control OFF 


Drop (Vcc - Vout) 

Output Leakage } lourak an | ws Vin = 0.8V; Vog= 6V 1024V0 BV: Vog = BV to 24V a 
Ea 
EC 


NOTES: 
1. The Input Control Voltage, Vjy shall not be greater than (Vcc - 0.5V) and shail not exceed +7V when V¢z is greater than 7.5V. 
2. The worst case thermal resistance, 8j¢ for the SIP TS-001AA 5 lead package is 4°C/W. The calculation for dissipation and junction tem- 
perature rise due to dissipation is: 
Po = (Vee-Vout) (lout) + (Vee)leemax > lout) OF (Vee)(lecmax) - (Vout) (lout) 
Ty = Tampient + (Pp) (8jc) for an infinite Heat Sink. 


Refer to Figure 2 for Derating based on Dissipation and Thermal Resistance. Derating from +150°C is based on the reciprocal of thermal 
resistance, 8j5 + 84s. For example: Where 8), = 4°C/W and given 645 = 6°C/W as the thermal resistance of an external Heat Sink, the 
junction-to-air thermal resistance, 6), = 10°C/W. Therefore, for the maximum allowed dissipation, derate 0.1W/°C for each degree from 
Tamp to the maximum rated junction temperature of + 150°C. If Tayg = +100°C, the maximum Pp is (150 - 100) x 0.1WAC = 5W. 


3. Refer to Figure 3A and 3B for typical switching speeds with a 20Q Load. 


4. Short circuit current will be reduced when thermal shutdown occurs. Testing of short circuit current may require a short duration pulse. 
See Figure 7. 
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SWITCHES 


HIP1030 


Typical Application 


0.47LF POWER BSSPse ss seesesweesesesessssessssesewsesessesessseesessesesesesssvseseogoesee N\ 
SUPPLY 
a | Ae 
~ O @ 


a aa CLAMP 
VOLTAGE a. 
SHUTDOWN 


‘ 
‘ 
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‘ 
‘ 
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Ee 
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THERMAL |_| CONTROL || ZENER | ° 
LIMIT CIRCUIT 
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LOADS: 


weebfeeaenrewaena2e2a2az2ecna2wvanz2a2aen2aecaepaaaenaeee 


- y RELAYS 
IN 
SOLENOIDS 
(5) HIP1030 LAMPS 
LANE SS aR AE A I SME Ne RN I ROR SSN MOTORS 
TAB 
: | LOGIC SWITCH 4) 


Typical Performance Curves 


Ry = 102, Voc = Vsat + IL RL: Vsat = (Voc - Vout) 
INPUT: Vin = 5V 


16 1.5 
CTR TT Then 
i“ O°C/W HLS. 
a 
. HEAT SINK) 


= DATA TAKEN USING 110CM x 110CM 
o XQ > FLAT ALUM. HEAT SINK 
E WITH EXT. = 40 
: e | | 
s : 
Z < 
7) a 
” Oo .50 
i) 0 
-50 -50 0 50 100 150 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
FIGURE 1. DISSIPATION DERATING CURVES FIGURE 2. TYPICAL FORWARD VOLTAGE DROP,Vsar 
CHARACTERISTICS vs AMBIENT OPERATING 
TEMPERATURE 
Voc = 12V, LOAD = 209. IN PARALLEL Voc = 12V, LOAD = 202 IN PARALLEL 
WITH 2200pF; Ta = +25°C WITH 2200pF; Tg = +25°C 
S | INPUT: Vjy = OV to 2V STEP, 1ms PERIOD, 500s PULSE S | INPUT: Viy = 2V to OV STEP, 1ms PERIOD, 500s PULSE 
w G 
g < 
5 3 
4 > 
w Ww 
3 : 
od a 
- od 
2 a 
= E 
> = 
re) ce) 


FIGURE 3A. OUTPUT TURN-ON TIME (us) FIGURE 3B. OUTPUT TURN-OFF TIME (is) 


FIGURE 3. TYPICAL RISE TIME AND FALL TIME CHARACTERISTICS OF THE HIP1030 WITH A RESISTIVE AND CAPACITIVE 
LOAD. THE TURN-ON TIME OF APPROXIMATELY 1.1:s IS PRIMARILY DETERMINED BY THE Vcc SUPPLY. THE OUT- 
PUT FALL TIME IS LIMITED BY RC TIME CONSTANT OF THE LOAD. 
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Typical Performance Curves (Continued) 


15 


Voc = 12V, LOAD = 160; Ta = +25°C 
INPUT: Viy = OV to 2V STEP, 50% DUTY CYCLE PULSE 


2.0 


_ 
i=) 


OUTPUT PULSE VOLTAGE (V) 
rm) 


girs my (ms) 


FIGURE 4. TYPICAL SWITCHING CHARACTERISTIC OF THE 
HIP1030 WITH AN OUTPUT RESISTIVE LOAD 


Voc = 4.5V, LOAD = 8, Ta = +25°C 
INPUT: Viy = OV to 2V STEP, 1ms PERIOD, 500us PULSE 


OUTPUT PULSE VOLTAGE (V) 


FIGURE 6A. TURN-ON TIME (1s) 


Voc = 15V, LOAD = 70mH + 22.39 IN SERIES; Ta = +25°C 
INPUT: Viy = OV to 2V STEP, 50% DUTY CYCLE PULSE 


OUTPUT PULSE VOLTAGE (V) 
oh oan Oo Oa 


‘ 
_ 
un 


2 3 


4 
INDUCTIVE PULSE SWITCHING TIME (ms) 


1 


FIGURE 5. TYPICAL OUTPUT INDUCTIVE LOAD SWITCHING 
PULSE. THE NEGATIVE CLAMP VOLTAGE 
(Vcc -31V) FOR THE INDUCTIVE KICK PULSE IS 
REFERENCED TO THE Vcc SUPPLY INPUT 


Vcc = 4.5V, LOAD = 8Q, Ta = +25°C 
INPUT: Vij = OV to 2V STEP, 1ms PERIOD, 500s PULSE 


HIGH SIDE 
SWITCHES 


OUTPUT PULSE VOLTAGE (V) 


16 
FIGURE 6B. TURN-OFF TIME (ys) 


FIGURE 6. TYPICAL LOW SUPPLY VOLTAGE SWITCHING CHARACTERISTICS OF THE HIP1030. THE TURN-ON AND TURN-OFF 
CHARACTERISTICS ARE SHOWN FOR Vz = 4.5V. 


Voc = 24V, LOAD = 10; Tg = +25°C 
INPUT: Vin = 2V, 1ms PERIOD, 100ns PULSE 


CURRENT 
LIMITING 


OUTPUT PULSE VOLTAGE (V) 


120 
OUTPUT PULSE TIME (ps) 


FIGURE 7. TYPICAL OUTPUT CURRENT PULSE WHEN 
SWITCHING INTO A LOW IMPEDANCE (1), OR 
SHORTED LOAD. FOR THE CONDITIONS SHOWN, 
OUTPUT CURRENT LIMITING IS ~1.7A 
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25 | INPUT: Vin = 2V (DC); Ta = +25°C 
OVER-VOLTAGE 


EET Tas 


SUPPLY CURRENT (mA) 


50 


SUPPLY VOLTAGE (V) 


FIGURE 8. TYPICAL IDLE CURRENT vs SUPPLY VOLTAGE 
WITH NO LOAD 


FARRIS 


SEMICONDUCTOR 


HIP1031 


Half Amp High Side Driver with 
Overload Protection 


PRELIMINARY 


March 1994 


Features 


¢ Over Operating Range: -40°C to +125°C 
- 1.0V Max Vsat at 0.6A 
- 4.5V to 25V Power Supply Range 


Over-Voltage Shutdown Protected 
Over-Current Limiting 

Thermal Limiting Protection 
60Vpx Load Dump 

Reverse Battery Protection to -16V 


Applications 
Motor Driver/Controller 
Driver for Solenoids, Relays & Lamps 
MOSFET and IGBT Driver 
Driver for Temperature Controller 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE PACKAGE 


HIP 1031AS -40°C to +125°C 5 Lead TS-001AA SIP 


Pinout 


HIP 1031 (SIP) 
TOP VIEW 


5 Vin (CONTROL) 
3 TAB G ND 
2 Vout (LOAD) 


V 


SUPPLY 


ee ee ee ee 


CONTROL! 


OVER- 
VOLTAGE 
SHUTDOWN 


Description 


The HIP1031 is a High Side Driver Power Integrated Circuit 
designed to switch power supply voltage to an output load. It 
is the equivalent of a PNP pass transistor operated as a 
protected high side current switch in the saturated ON state 
with low forward voltage drop at the maximum rated current. It 
has low output leakage and low idle current in the OFF state. 


The Functional Block Diagram for the HIP1031 shows the 
protection control circuit functions of over-current, overvoltage 
and over-temperature. A small metal resistor senses 
overcurrent in the power supply path of the pass transistor 
and load. Overvoltage detection and shutdown of the output 
driver occurs when a comparator determines that the supply 
voltage has exceeded a comparator reference level. Over- 
temperature is sensed from a Veer differential sense element 
that is thermally close to the output drive transistor. In addition 
to the input detected overvoltage protection, negative peak 
voltage of an inductive load is clamped with an internal zener 
diode. An internal bandgap supply voltage source provides a 
stable voltage reference over the chip operating temperature 
range, providing bias and reference control for the protection 
Circuits. 


The HIP1031 is particularly well suited for driving lamps, 
relays, and solenoids in automotive and industrial control 
applications where voltage and current overload protection at 
high temperatures is required. The HIP 1031 is supplied ina 5 
lead TS-001AA Power SIP package. 


Functional Block Diagram 


CURRENT 
LIMIT 


THERMAL |_| CONTROL 
LIMIT oe oe CIRCUIT 
7 ae 


Seeeeee Beene een eee =e See eena ¢ 


HIP1031 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 


Specifications HIP1031 


Absolute Maximum Ratings Thermal Information 

Supply Voltage, Vog......-..--- See O.V. Shutdown Limit, Voygp | Maximum Thermal Resistance Bya Bic 

Input Voltage, Vin (Note 1)........... 02. ee eee ee -0.8V to +7V Plastic SIP Package ....csscsuvsnsvaes 50°C/(W «AC /W 

Load Current, loyr ssccscscvvearnesnenevewes Internally Limiting | Maximum Power Dissipation, (Note 2) 

Load Dump (SuUViVAl) scicascassccwssacscvssesensun t+60Vpx At Ta = +125°C, Infinite Heat Sink.................... 6.25W 

MOVGMmS BAU 66 i4cs eens cneoeernns 66k W edn eo eduens -16V. Maximum Junction Temperature, Ty.............. eee eee 150°C 
Ambient Operating Temperature............... -40°C to +125°C 
Storage Temperature Range................5. -40°C to +150°C 
Lead Temperature (Soldering 10S max) .............005. 265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Ty, = -40°C to +125°C, Viy = 2V, Voc = + 12V, Unless Otherwise Specified 


[—_rammnerens [swear | vesroowonons [wm [ve | wo [owe 
ES 
owners | vow [acwowee | @ |= |» |» 
cwromencctrs [te | | fm | 


Output Clamp Voltage Vin = 0.8V 

oacowson | mm fC | 
frwoowsore Tw | CT | 
eacirnin | fenceavvecoreee | [| @ | om 


Supply Current, Full Load, lCCMAX Vin = 2V; loyy = 0.55A A 
Input Control ON 

Supply Current, No Load, locmIN Vin = OV; lout = OA 

Input Control OFF 


Input-Output Forward Voltage wt ens 
Drop (Vcc - Vout) 
Tourx |¥w=08v.veoseviozn | - 
ae ee 


NOTES: 
1. The Input Control Voltage, Vj, may range from -0.85V to +7V for a Voc supply voltage of OV to +25V. 
2. The worst case thermal resistance,@ jo for the SIP TO-220 5 pin package is 4°C/W. The calculation for dissipation and junction temperature 
rise due to dissipation is: 
Pp = (Vee-Vout)lout) + (Veo) (leomax - lout) OF (Vec)(lecmax) - (Vout)(lout) 
Ty = TaMBIENT + (Pp) (8 jc) for an infinite Heat Sink. 


Refer to Figure 1 for Derating based on Dissipation and Thermal Resistance. Derating from 150°C is based on the reciprocal of thermal 
resistance, 8j5+8445. For example: Where 6), = 4°C/W and given O45 = 6°/W as the thermal resistance of an external Heat Sink, the 
junction-to-air thermal resistance, 8), = 10°C/W. Therefore, for the maximum allowed dissipation, derate 0.1W/°C for each degree from 
Tame to the maximum rated junction temperature of 150°C. If Tayp = 100°C, the maximum Pp is (150 - 100) x 0.1W/°C = 5W. 


3. Short Circuit current will be reduced when Thermal Shutdown occurs. Testing of a short circuit current may require a short duration pulse. 


Ww 
= 
a 
= 
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SWITCHES 


HIP1031 


Typical Application 


HIP1031 HIGH SIDE DRIVER 


POWER 
SUPPLY 


Vcc 


OVER- 
ORGHIN 
SHUTDOW 


SCP AABAAPABABAPBAAPSABAPPPAAPBAAAHRAAAEBRAPSHAPSAAAPBABPBAAABAAMRABABABAAAS 


LOGIC SWITCH 
TO Vin 


Typical Performance Curves 
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Py Ty WITH EXT. 6°C/W WITH EXT. 
14 HEAT SINK o°C/w 

Py TT TN be HEAT SINK 
12 (INFINITE 

COON N= 


_ 
oO 


TTTTTT TING ETAT ET 
LTT TTT TEN TIN TT 
NN 
LTE TTT TT TTT PENAL 
LUTTE TTT TTT EN 


0 
50 -25 100 125 150 
een ieee (°C) 


DISSIPATION WATTS (W) 
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FIGURE 1. DISSIPATION DERATING CURVES 
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RELAYS 


SOLENOIDS 
LAMPS 
MOTORS 
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HIP1031 Vsay WITH 
202 RESISTIVE LOAD 


SAU UAAAAEED =a 


| [vsaraTlour=o25a[ [ft rT 


FORWARD VOLTAGE DROP (V) 


* CEES 
Ye 
aeeae “ere i 
FIGURE 2. TYPICAL Vsay CHARACTERISTIC vs 
TEMPERATURE 


FARRIS 


SEMICONDUCTOR 


April 1994 


Features 


¢ +90V Transient Suppression 
4V to 16V Operating Voltage 
1A Current Load Capability 


Low Input-Output Voltage Drop With Controlled Satu- 
ration Detector for 

- Fast Low Current Turn-OFF 

- Reduced No-Load Idle Current 


Over-Voltage Shutdown Protection 

Short Circuit Current Limiting 
Over-Temperature Limiting Protected 

Thermal Limiting at T, = +150°C 

-40°C to +105°C Operating Temperature Range 


Applications 

¢ Electronic Circuit Breaker 
¢ Transient Suppressor 

e Over-Voltage Monitor 


¢ High Side Driver Switch for 
- Relays 
Solenoids 
Heaters 
Motors 
Lamps 


Ordering Information 
PART TEMPERATURE 
NUMBER RANGE PACKAGE 
HIP1090AS -40°C to +105°C TO-220AB SIP 


Pinout 


HIP 1090 (SIP) 
TOP VIEW 


NOTE: 

HEAT SINK TAB 
INTERNALLY 
CONNECTED 
TO PIN 2 


THERMAL 
LIMIT 


SS ereeeewreseeesreeeeedecuney 


(Alddns) NIA Ss .__ |] 
(TOHLNOD) NO9Q == — 
(QNDE —SS——r" 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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HIP1090 


Protected High Side Power Switch 
with Transient Suppression 


Description 


The HIP1090 is a Protected Power Interface Switch 
designed to suppress potentially damaging overvoltage 
transients with peak voltage source inputs ranging up to 
+90V in amplitude. It is designed to be operated in a ‘hard- 
wired’ pass-thru mode or as a high side power switch which 
controls the current flow through a PNP pass transistor of 
the IC. In either mode The HIP1090 has a low saturated 
forward voltage drop. The protected load circuit is connected 
to the output of the IC. As such, the HIP 1090 operates as a 
transient suppressor where the PNP drive transistor is 
switched off when Vix is greater than the Overvoltage Shut- 
down range of 16V to 19V. Shutdown also occurs when Vj 
is less than the forward turn-on threshold of approximately 
2.5V, including the negative voltage range. 


The merits of transient suppression depend on the required 
integrity of the applications load elements. Instrument panel 
signal warning lights for critical functions such as over 
temperature or low fluid levels can be protected by the 
HIP1090 against high level transient voltages and double 
battery conditions that may potentially cause bulb burnouts. 
The HIP1090 may be used to protect the power supplies of 
small signal or logic circuits with voltages ranging from 4V to 
16V, effectively blocking higher peak voltages. 


The HIP1090 has internal current limiting protection in the 
range of 1A to 2A for short circuit to ground conditions and 
thermal shutdown protection when the junction temperature 
is greater than 150°C It is capable of driving resistive, 
inductive or lamp loads (such as lamps No. 168 or 194) with 
minimum risk of damage under harsh environmental stress 
conditions. The HIP 1090 is supplied in a 3 lead TO-220AB 
package. 


Functional Block Diagram 


9 Vout 
(TO LOAD) 


BASE 
CURRENT 
AMPLIFIER 


2¢ 


VceSAT 
DETECTOR 
Vcon 


(CONTROL OR GND) 


File Number 3398.2 
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Specifications HIP1090 


Absolute Maximum Ratings Thermal Information 
Input (Supply) Voltage, Vij (Control Pin Reference)......... +24V ‘Thermal Resistance Oya Bjc 
Transient Max Voltage, Viy (15ms)............ cee eee eee + 90V Plastic SIP Package .............2.. 50°C/W «AC /W 
Load Current, loyiy css-cseccscsacocccss Short Circuit Protected | Maximum Power Dissipation, (Note 4) 
At Ts = +105°C, Infinite Heat Sink..............0008 11.25W 
JUNCUON TEM PSTSOlG cc cssvcceneenenoeseneeenree sen +150°C 
Ambient Temperature Range ................ -40°C to +105°C 
Storage Temperature Range................-. -40°C to +150°C 
Lead Temperature (Soldering During).................- +265°C 


1/16 + 1/32 inch (1.59 + 0.79mm) from case for 10s maximum 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = -40°C to +105°C; Viy = 4V to 16V; Veoy = GND or OV, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Input (Supply) Voltage Operating Vin (Note 1); Also, see Figure 4 for Vv 
Range Expanding V\y Range 
Input Voltage Threshold for Forward Load = 1kQ 
Turn-On to Load 


vn V7; Col Opestaed= TD | [tak 
[Tomat Sow Tonpwratre [Yap [ee fe 


Maximum Output Transient Pulse lour(Tran) Vin = t90V for 15ms, Voyr = 14V 

Current 

Maximum Control Transient Pulse Icon(Tran) Vin = t90V for 15ms, Voy = 14V i 
Current 


[Shon Greutourent «dt ie | CCS CS} dP de 
inputto-Output Voltage Drop eee 


Vin = 9V; lout = 500MA | - [{ - { 06 | Vv | 
Vin = 16V, lout = 800mA ee eee 
Vin = 16V, lout = 1A | - | o8 | - { Vv | 
Vin=16V,lour=100mA | 8 mA 
|Vin=16V; lour=800mA | || 50m 
Vin = 16V, lout = 1A re ee eee 


Turn ON (Rise Time); ton Switch Vy OV(GND) to 5.5V; Measure LS 
“Pass-Thru” mode Vout (to 90%); Load = 1kQ (Note 3) 
Turn OFF (Fall Time); torr Switch Vix, 5.5V to OV(GND); Measure 
“Pass-Thru” mode Vout (to 90%); Load = 1kQ (Note 3) 
Turn ON (Rise Time); ton See Figure 3 and Figure 4 (Note 3) Us 
High Pass Switch mode 
Turn OFF (Fall Time); torr See Figure 3 and Figure 4 (Note 3) ys 
High Pass Switch mode 


NOTES: 


1. The Input Operating Voltage is not limited by the threshold of Shutdown. The Vj, voltage may range to +24V while the normal functional 
switching range is typically +2.5V to +17.5V (reference to Voon). 


2. The Output Drive is switched-off when the Input voltage(Supply pin), referenced to the Control pin exceeds the threshold shutdown 
VSHSD or the input voltage is less than the forward turn-on threshold (Including negative voltages within the transient peak ratings). 


3. Ton and Tog times include Prop Delay and Rise/Fall time. 
4. The worst case thermal resistance,8j¢ for the SIP TO-220 is 4°C/W. The calculation for dissipation and junction temperature rise due to 
dissipation is: 
Pp = (Vin -Vout) + (Vin)(lcon ) 
Ty = Tampient + (Pp) (8jc) for an infinite Heat Sink. 


Derating from 150°C is based on the reciprocal of thermal resistance, @jc+8\ys. For example: Where 6), = 4°C/W and given O45 = 6°/W as 
the thermal resistance of an external Heat Sink, the junction-to-air thermal resistance, 6), = 10°C/W. Therefore, for the maximum allowed 
dissipation, derate 0.1W/°C for each degree from Tay to the maximum rated junction temperature of 150°C. If Tayp = 100°C, the maximum 
Pp is (150 - 100) x 0.1W/C = SW. 


Control Current 
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Applications 


The HIP1090 may be used as a “hard-wired pass-thru” 
device to protect the load from source voltage transients or 
may be used as an active high side power interface switch 
with up to 1A of Load current capability. An ON state 
condition of (Vin - 4V) s Voon S$ (Vin - 16V) is the normal 
range required to activate the high pass switch, allowing the 
supply source to conduct through the PNP to the load. When 
the control terminal, Vcon is open, the high pass switch is 
open (no conduction). Figure 2 shows an HIP1090 
application example with a switch in the Voon terminal. In 
comparison to the hard wired circuit of Figure 1 where pin 2 
is fixed at ground, pin 2 in the circuit of Figure 2 is switched 
from open to ground to turn-ON the high pass switch. Used 


INPUT 1 


SWITCH 5 


VBaTT 


in this mode, the HIP1090 is both an effective transient 
suppressor and a high pass switch. The switch in the Vcon 
terminal may be active or passive and conducts typically less 
than 50mA of current. The HIP1090 used in the controlled 
switching mode retains all of the protected features of the 
device. In either circuit the output capacitor may be 
increased in size to hold charge longer during transient 
interruptions at the input. The charge duration for larger 
capacitors or for lamp loads is tolerated because of the 
internal short circuit current limiting protection. Sustained 
short circuits may cause the junction temperature to reach 
the thermal shutdown temperature (150° C). 


3 DASH PANEL LOAD 
TO OTHER 
LIGHTS 


AND 
INSTRUMENTS 


Vcon 


(CONTROL OR GND) 


FIGURE 1. TYPICAL APPLICATION OF THE HIP1090 AS A TRANSIENT SUPPRESSOR IN A “PASS-THRU” MODE 


INPUT 4 + ViN Rs 


VBaTT : 
THERMAL 
LIMIT 


SPH APRA HRAABAEABAAAABAAFBABSAAAAAABABZOSA 


NOTE: 


Vioap = Veart - Vsart 
Vear TYP < 0.8V at 1A 


Sees e2avaeaeaeeeaeeeaaeane2aeeeaee 


FIGURE 2. TYPICAL APPLICATIONS OF THE HIP1090 AS A TRANSIENT SUPPRESSOR IN A HIGH PASS SWITCH MODE 


HIGH SIDE 
SWITCHES 


HIP1090 


Figure 3 shows the pulsed output switching characteristics of 
the HIP1090 as a high side driver. A small delay step is 
noted on the rising edge due to the hold-off of a VogSAT 
detector circuit. The VcESAT circuit senses the saturation 
level of the PNP pass transistor and controls the drive as a 
ratio of load current. As the load current is reduced, the drive 
current to the output transistor is reduced. Under low current 
operation, the saturation level is controlled and the turn-OFF 
switching time is much faster. The control switching element 
is shown as a 2N5320 NPN transistor but may be any open 
collector or MOS gate. A pull-up resistor of 2kQ is used for a 
slight improvement in the turnoff fall time but is not an 
essential requirement. The Vcon terminal may be controlled 
with a mechanical switch or may be controlled from any 
driver output that can sink the worst case condition of pin 2 
current, Icon when the output load current is increased to 1A 
(typically 50mA). 


Vout 


(OUTPUT) 
(SUPPLY INPUT) 


2KQ 
OPTIONAL 


ON | VB oO 
OFF 


242 


(CONTROL PIN) 


2N5320 
OR EQUIVALENT 


FIGURE 3. TYPICAL ON-OFF SWITCHING CHARACTERISTIC 
OF THE HIP1090 USING AN NPN TRANSISTOR TO 
SWITCH THE Voon INPUT TERMINAL 


The circuit of Figure 4 shows how the HIP1090 transient 
suppression voltage shutdown threshold may be increased 
by using a zener diode from the Voon terminal to the collec- 
tor terminal of the transistor switch. The preferred method is 
to use a zener diode for a fixed level shift. While a resistor in 
place of the zener diode having the same voltage drop will 
work well, the parametric variation of the Icon current will 
cause variations of the Over-Voltage Shutdown Threshold. 
In this circuit, a 10V zener provides a typical overvoltage 
threshold shift to ~27V. The threshold for overvoltage shut- 
down is referenced to the (Vin - Vcon) voltage difference. 


Vout 
© (OUTPUT) 
(SUPPLY INPUT) 
2KQ 
OPTIONAL 


240 


2N5320 
OR EQUIVALENT 


FIGURE 4. A TYPICAL APPLICATION CIRCUIT THAT USES A 
ZENER TO THE Vcon TRANSISTOR SWITCH TO 
RAISE THE OVERVOLTAGE SHUTDOWN 
THRESHOLD 


Also, it is important to note that high peak current values 
may be reached when driving nonlinear and inductive loads. 
The peak output current of the HIP 1090 is self limiting in the 
1A to 2A range to protect against short circuit conditions. 
Sustained high peak current may increase the junction tem- 
perature to 150°C and cause thermal shutdown. When this 
happens, the output current will fall off briefly before recover- 
ing, unless the over-temperature condition is sustained. 
Internally, both input and output overvoltage conditions are 
sensed to protect the circuit, making the high levels of tran- 
sient voltage ratings possible. Sustained voltage ratings of 
+24VDC with transient ratings to +90V allow a wide variety 
of applications in high stress environments. 


Except for the VcgSAT detector circuit, the HIP1090 is a 
higher current version of the CA3273 high side driver, which 
turns-on without the delayed step on the leading edge of the 
Output pulse; switching with a typical Ton time of ~0.5ys. 
The CA3273 has a higher transient suppression threshold. 
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Typical Performance Curves 


Rioap = 162 
Vcon = GND 


Vout OPEN 
Vcon = GND 


CONTROL CURRENT (PIN 2) (mA) 
CONTROL CURRENT (PIN 2) (mA) 


Vin SUPPLY VOLTAGE (V) Vin SUPPLY VOLTAGE (V) 
FIGURE 5. CONTROL (QUIESCENT) CURRENT CHARACTER- = FIGURE 6. CONTROL (QUIESCENT) CURRENT CHARACTER- 
ISTIC WITH LOAD ISTIC WITH NO LOAD 


Ta = 425°C 
Rioap = 160 
Vocon = GND 


HIGH SIDE 
SWITCHES 


Vsar = (Vin - Vout) VOLTAGE (mV) 


LOAD CURRENT (A) 


FIGURE 7. SATURATION (Vy - Voyt) CHARACTERISTIC 
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aw HARRIS HV400 


April 1994 High Current MOSFET Driver 


Features Description 


e Fast Fall Times 16ns at 10,000pF The HV400 is a single monolithic, non-inverting high current 
driver designed to drive large capacitive loads at high slew 
rates. The device is optimized for driving single or parallel 
Peak Source Current connected N-channel power MOSFETs with total gate 
charge from 5nC to >1000nC. It features two output stages 
Peak Sink Current pinned out separately allowing independent control of the 
High Frequency Operation MOSFET gate rise and fall times. The current sourcing out- 
put stage is an NPN capable of 6A. An SCR provides over 
30A of current sinking. The HV400 achieves rise and fall 
times of 54ns and 16ns respectively driving a 10,000pF load. 


No Supply Current in Quiescent State 


Applications 
* Switch Mode Power Supplies Special features are included in this part to provide a simple, 
¢ DC/DC Converters high speed gate drive circuit for power MOSFETs. The 
HV400 requires no quiescent supply current, however, the 
input current is approximately 15mA while in the high state. 
¢ Uninterruptible Power Supplies With the internal current steering diodes (pin 7) and an 
external capacitor, both the timing and MOSFET gate power 
come from the same pulse transformer; no special external 
. ‘ supply is required for high side switches. No high voltage 
Order ing Information diode is required to charge the bootstrap capacitor. 


PART TEMPERATURE The HV400 in combination with the MOSFET and pulse 

NUMBER RANGE transformer makes an isolated power switch building block 

for applications such as high side switches, secondary side 

regulation and synchronous rectification. The HV400 is also 
suitable for driving IGBTs, MCTs, BUTs and small GTOs. 

The HV400 is a type of buffer; it does not have input logic 


¢ Motor Controllers 


HV400MJ/883 | -55°C to+125°C | 8 Lead Ceramic SBDIP level switching threshold voltages. This single stage design 


achieves propagation delays of 20ns. The output NPN 
begins to source current when the voltage on pin 2 is 
approximately 2V more positive than the voltage at pin 8. 


The output SCR switches on when the input pin 2 voltage is 
1V more negative than the voltage at pins 3/6. Due to the 
use of the SCR for current sinking, once the output switches 
low, the input must not go high again until all the internal 
SCR charge has dissipated, 0.5us - 1.5ys later. 


Pinout Schematic 


OCI PAIPPPPAEPAPELBPPEBMBPBPEBAEBPIBEBMBPBAEBEEBEBAEBMEEAEDS 


HV400 (PDIP, SBDIP, SOIC) 
TOP VIEW 
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_ 


V+ SUPPLY | 1 | |g | SOURCE OUTPUT 
INPUT | 2. DIODES 
SINK OUTPUT | 3. 16 | SINK OUTPUT 


GND | 4| Is] GND 
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PIN 40-4 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2850 1 
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Specifications HV400 


Absolute Maximum Ratings Thermal Information 
Voltage Between Pin1 and Pin 4/5.................00005- 35V Thermal Resistance Bja Bc 
Input Voltage Pin 7 (Max). .......... 2 cece eee eens Pin 1+ 1.5V PO vieusaceswinaueuoewasess ewe 150°C/W - 
Input Voltage Pin 7 (Min) ..............0.0e eee Pin 4/5 -1.5V Eee vaws.cu sae wanes eaweretes ayaa 170°C/W - 
Input Voltage Pin? to PINES .cscccccccxcesacensszeens +/- 35V SOUP esaciausdgunesnewesannseese 91°C/W ss 25°C/W 
input Vornase PINZIO PING ssc vccecivarvecexvavnd eee wad -35V__—_ Power Dissipation at T, = +25°C 
Maximum Clamp Current (Pin 7)............. 0.0. eeeeeee +300MA PEE? Sec huee neds euekneeretays Gebshcderdueanenes 0.8W 
BON 5 cand cede e Sink Geese enews aanenece nde Bee Ree 0.7W 
SF a dtay es ie obsess onds koe ve% ewow Bain ee vweeei 2.33W 
Operating Temperature Range 
HVAQGIPAG: cicccacccwnsseevneeavetaaees -40°C < Ty < +85°C 
HVAQOMIIGSS 5 csc cdsewtcuaensewenees -55°C < Ty < +125°C 
Lead Temperature (Soldering 10s) ..............0.000- +265°C 
Maximum Junction Temperature. ........... 00 cece eee +150°C 
Storage Temperature Range.............. -65°C < Ty < +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Vgyppyy = 15V 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | TYP | MAX | UNITS 


INPUT (PIN 2) 


FINPUT(PIN2) 
Input High Differential Voltage Vin |Vour=OV,lourHl=10mA | 425°C | oo | tz | 28 | vi 
liable a 


input Low Differential Voltage Vit Vout =12V, loyrLO=-3mA} 425°C | tt 
nd “Pha rr [as || os 


a 


a 


A 


SINK OUTPUT (PIN 3/6) 


Low Output Voltage Vin = OV, lout = -150MA 


Peak Output Current Vin = OV, 5ys Pulse, 


Output High Leakage 


DIODES D1 AND D7 (PIN 7) 


Forward Voltage 


NOTE: Limits are 100% tested at +25°C; limits over the full temperature range are guaranteed but not tested. 
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Switching Time Specifications Veyppiy = 15V 


[—rannwerens [svweox | _cowomons | vewenarune [wn] TP | wax | uNTs, 
[Rsote | tw | Smswicnratoacron | rn [| © | @ | 
fFartine | Te | SeoSwacing toacroot | ew [| | | me 
[DonyTive oie) | Ton | SeeSwioingTentOreut |r| | 2 | | mo 
[psuyTineeatote) | Tor | SewSwicingTearcroot | rn |__| 7 | 2 | vo 
[Mniman orTine | Ton | SevSwicing Tea creat | rn | | om | emo | ro 


NOTES: 
1. Switching times are guaranteed but not tested 
2. Typical values are for +25°C 


Switching Diagram and Test Circuit 


INPUT 
ov 


Vout 


OUTPUT 


+V 


R1 100 1W 


1N914 peer ete eer eer ere ee C2 
7 


om ae 12.8V 

0.9V 

INPUT Re OUTPUT 
K 


502 SOURCE 
(RISE & FALL TIMES <10ns) 


Wee eee eeaneeneesna Gf) 


FRPP EPGAPPAAAAASASAAASPSOBAAZASAZLES 
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HV400 Switching Test Circuit Parts List 


R1 100Q, 1W Carbon Resistor 

R2 Wire 

R, 100KQ, 1/8W Carbon Resistor 

C1 330uF, 50V Capacitor 

C2 ipF, 50V Capacitor 

C, 0.01pF, 50V Chip Capacitor 

D1 1N914 Diode 

J1, J2 PC Mount Banana Jack Johnson 108-0740-001 
J3, J4 PC Mount SMA Connector Johnson EFJ142 
U1 Harris HV400 I.C. 


HIGH SIDE 
SWITCHES 


HV400 AC TEST BOARD 
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Pin Descriptions 


[ear eiasonananeeiea ARMOR 
a 


The input (Pin 2) current for a given pulsed output current 


The current require to maintain the input (Pin 2) low 


ion [Reniteeconoennweseae@ 
a [nea Pe imaseorenwaeren PAV 
in _[emereamannaiaeeoioe 
an [Temenpncoemmmeemonatimet 


The output propagation delay from the input (Pin 2) falling edge 


The minimum time required after an output high to low transition before the next input low to high transition 
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Application Information 
Circuit Operation 


The HV400’s operation is easily explained by referring to the 
schematic. The control signal is applied to pin 2. If the 
control signal is about 2V above pin 8, the output NPN Q1 
turns on charging the MOSFET gate from a capacitor 
connected to pin 1. Resistor R4 helps keep the SCR off by 
applying a reverse bias to the SCR anode gate. 


When the control input drops about 1V below pin 3/6, PNP 
Q2 turns on which triggers the SCR by driving both the 
anode and cathode gates. The SCR discharges the 
MOSFET gate and when its current becomes less than 
10mA, it turns off. Transistor Q2 conducts any gate leakage 
currents, through resistors Ri and R2, once the SCR turns 
off. Figure 7 shows the output characteristics before the 
SCR turns on and after it turns off. When the SCR turns on, 
resistor R4 provides a path to remove Q1 base charge. 
Resistor R3 provides the base current for Q2 to reduce the 
turn off delay time. Resistors R1 and R2 reduce the SCR 
recovery time. 


The two diodes connected to the diode input pin 7 provide 
some operation flexibility. With pins 2 and 7 connected 
together, diode D1 provides a path to recharge the storage 
Capacitor once the MOSFET gate is pulled high and, along 
with diodes D2 and D3, keeps Q1 from going into hard 
saturation which would increase delay times. Diode D7 
would clamp the input near ground and provide a current 
path if an input DC blocking capacitor is used. 


Alternatively, pin 7 can be connected to pin 6 so that the 
SCR and NPN Q1 don’t have to pass reverse current if the 
Output “rings” above the supply or below ground. When high 
performance diodes are required, pin 7 can be left 
disconnected and external diodes substituted. 


The diodes in series with pin 2 decouple the input from the 
output during negative going transitions. The absence of 
input current turns off Q1 and allows Q2 to trigger the SCR. 
Diode D8 turns off Q2 once the SCR turns on pulling the out- 
put low, otherwise Q2 would saturate and slow down circuit 
operation. In addition, the diodes D2, D3 and D8 improve 
noise immunity by adding about 2.5V of input hysteresis. 


The HV400 is capable of large output currents but only for 
brief durations due to power dissipation. 


Circuit Board Layout 


PC board layout is very important. Pins 3 and 6 should be 
connected together as should pins 4 and 5. Otherwise the 
internal interconnect impedance is doubled and only half of 
the bond wires are used which would degrade the reliability. 


The bootstrap capacitor should hold at least 10x the charge 
of the MOSFET and should be connected between pins 1 
and 4/5 with minimum lead lengths and spacings. Likewise, 
the HV400 should be as close to the MOSFET as possible. 
Any long PC traces (parasitic inductances) between the 
MOSFET gate and pins 8 or 3/6 or between the source and 


pins 4/5 should be avoided. Inductance between the HV400 
and the MOSFET limit the MOSFET switching time. If they 
are too large, the HV400 may operate erratically as 
discussed below. 


Cross Conduction Faults 


It is possible to have both Q1 and the SCR on at the same 
time resulting in very large cross conduction currents. The 
SCR has larger current capacity so the output goes low and 
the storage capacitor is discharged. The conditions that 
Cause cross conduction and precautions are discussed 
below. 


Minimum Off Time 


The SCR requires a recovery time before voltage can be 
reapplied without it switching back on. Figure 13 shows how 
this SCR recovery time, called “minimum off time” (Tor), is a 
function of the load capacitance. If the input voltage goes 
high before this recovery time is complete, the SCR will 
switch back on. 


Note that reverse current flowing through the SCR, for 
example due to load inductance ringing, extends the 
minimum off time. Since the minimum off time is really 
dependent upon how much stored charge remains in the 
SCR when the anode (pin 3/6) is taken positive, it may vary 
for different applications. Figure 13 indirectly shows that the 
minimum off time increases with larger currents. It also 
increases at elevated temperatures as shown in Figure 14. 
Excessive ringing increases the minimum off time since the 
stored charge doesn’t begin to dissipate until the current 
drops below 10mA for the last time. Rising anode voltage 
acts on the internal SCR capacitance to generate its own 
triggering current. The excess stored charge increases this 
Capacitance. Faster rise times and/or higher voltages also 
increase the amount of internal trigger current from the inter- 
nal capacitance so applications with larger dV/dt require 
longer minimum off times. 


The minimum off time must be considered for all occur- 
rences of SCR current. For example, in a half bridge switch 
mode power supply, there are two MOSFET’s connected to 
the transformer primary. Assume that the high side MOSFET 
switch is off. When the low side MOSFET switch is turned 
on, the HV400 driving the high side MOSFET will have to 
sink gate current from Cgq and will have to source gate 
current when the low side MOSFET switches back off. Both 
of these current pulses will try to flow through pin 3/6 since 
the pin 8 output is turned off. Sourcing current from pins 3/6 
through the SCR is possible, the pin 3/6 voltage becoming 
negative with respect to pins 4/5 (See Figure 8). But a better 
practice would be to connect a Schottky diode between pins 
4/5 (anode) and 3/6 (cathode) so reverse current does not 
flow through the SCR. 


False SCR Triggering 


The SCR may be triggered inadvertently. The output may 
overshoot the input due to inductive loading or over driving 
the output NPN (allowing it to saturate). Whenever pin 6 is 
more positive than pin 2 by 1V, the SCR is triggered on. Also, 
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if the output rises too rapidly, greater than 0.5V/nS, the SCR 
may self trigger. Both issues are resolved by minimizing the 
load inductance and inserting sufficient resistance, usually 
0.1 to 10 ohms, between pin 8 and the load. 


A very fast negative going input voltage can result in 
minimum off times of about 2.5. If the output can not keep 
up with the falling input, the stored charge of diode D4 is 
transferred into the base of Q2. This excess charge in Q2 
must have time to dissipate. Otherwise, when pin 3/6 goes 
positive, Q2 will turn on and trigger the SCR. An external 
diode in series with pin 2, as shown in Figure 1, will prevent 
D4 from discharging into the base of Q2 but that will also 
reduce the output voltage by the forward voltage of that 
diode. 


internal Diodes 


The internal diodes connected to pin 7 are provided for 
convenience but may not be suitable for large currents. 
Since they are part of the integrated circuit, they are 
physically small, operate at high current densities, and have 
long recovery times. Figure 15 shows that their forward 
characteristics degrade above 100mA. In addition, Figure 16 
shows their reverse recovery charge as a function of forward 
current. The product of this charge, the applied reverse 
voltage and the frequency is the additional power dissipation 
due to the diodes. For stored charge calculations, use the 
peak forward current within 100ns of the application of 
reverse bias. In addition to the extra power dissipation, the 
capacitance of these diodes may extend the switching delay 
times. 


Power Dissipation Calculations 


The power required to drive the MOSFET is the product of 
its total gate charge times the gate supply voltage (maximum 
voltage on HV400 pin 1, 2 or 7) times the frequency. 
Assuming that the MOSFET gate resistance is negligible, 
this power is dissipated within the HV400. If resistors are 
placed between the HV400 and the MOSFET, then some of 
the power is dissipated in the resistors, the percentage 
depending upon the ratio of resistors to HV400 output 
impedance. 


There are two other sources of power dissipation to 
consider. First there is the power in R3 which is the product 
of the input pin 2 current and voltage (with no output current) 
times the duty cycle. Second is the product of the pin 7 diode 
stored charge, which is dependent upon the forward current, 
times the applied diode reverse voltage times the frequency. 
This information is available from figures 3 and 16 in this 
data sheet. 


Applications Circuits 


The HV400 was designed to interface a pulse transformer to 
a power MOSFET. There must be some means to balance 
the transformer volt-second product over a cycle. The 
unipolar drive shown in Figure 1 lets the core magnetization 
inductance reverse the primary and secondary voltages. The 
zener diode on the primary side limits this voltage and must 


be capable of dissipating the energy stored in the 
transformer. The load may be connected to either the power 
MOSFET drain or source. 


Vs 


MOSFET 


FIGURE 1. UNIPOLAR DRIVE 


A diode is added in series with pins 2 and 7 to allow the 
transformer secondary to go negative. The charge storage of 
the pin 7 diode may cause the turn off delay time to be too 
long. Alternatively, pin 7 could be left disconnected and a 
second external diode connected between the transformer 
(anode) and pin 1 (cathode). In some applications the diode 
in series with pin 2 may be unnecessary but the -35V input 
to output or ground maximum rating should be observed. 


Sometimes the volt-second balance is achieved by a push- 
pull drive on the pulse transformer primary. This is especially 
useful if there are two secondary windings driving two 
HV400's out of phase such as in a half-bridge configuration 


Other times it is more convenient to achieve volt-second 
balance by using capacitors to block DC in the primary and 
secondary windings as shown in Figure 2. The pin 7 diodes 
provide a path for discharging the secondary side DC block- 
ing capacitor. Both capacitors, C;y and Cs, should be at 
least 10 times the equivalent MOSFET gate capacitance. 


The HV400 can be used as a Current booster for low side 
switches by connecting directly to the PWM output. The 
circuit would be similar to the switching time test circuit. 


It is worth restating that some consideration (and experimen- 
tation) should be given to the choice of external components, 
i.e. resistors, capacitors and diodes, to optimize 
performance in a given application. 


FIGURE 2. BIPOLAR DRIVE WITH DC BLOCKING CAPACITOR 
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Typical Performance Curves 1, = +25°C Unless Otherwise Specified 


Z E 
= a 
= = 
» itd 
0 10 20 30 40 50 
Vin - PIN 2 (V) lops (A) 
FIGURE 3. PIN 2 INPUT CURRENT vs INPUT VOLTAGE WITH FIGURE 4. PIN 2 yp & Voy V8 OUTPUT SOURCE CURRENT 
ZERO OUTPUT CURRENT 


he (HA) 
HIGH SIDE 
SWITCHES 


-50 ~40 -30 -20 -10 0 
INPUT VOLTAGE - PIN 2 (V) 


lOP6 (A) 
FIGURE 5. PIN 21, vs INPUT VOLTAGE FIGURE 6. Vo, VS lops (5.8 PULSES) 


1pA 10:A 100nA 1mA 
lope 


10mA 100mA 


1 
lope (A) 
FIGURE 7. PIN 34 ILLUSTRATING OUTPUT VOLTAGE vs SCR FIGURE 8. PIN 3/46 VOLTAGE vs REVERSE CURRENT 300ys 
OUTPUT SINK LATCHING AND HOLDING CURRENT PULSES 
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Typical Performance Curves 1, = +25°C Unless Otherwise Specified (Continued) 


INPUT 
(V) 
RISE & FALL TIME (ns) 


OUTPUT 
(V) 


Cy (nF) 


FIGURES. LOWTOHIGH TRANSIENT RESPONSE WAVEFORMS FIGURE 10. RISE AND FALL TIMES vs C, (V+ = 12V, 15V, 20V) 
(C, = 10nF) 


Ww 
= 
= 
> 
s 
Ww 
a 
& 
| 
oad 
rm 
ul 
” 
ea 
50ns/DIV TEMPERATURE (°C) 
FIGURE 11. HIGH TOLOW TRANSIENT RESPONSE WAVEFORMS - ~—‘ FIGURE 12. RISE, FALL AND DELAY TIMES vs TEMPERATURE 
(C. = 10nF) 
_ reg a aie ARE (et a) I 
cy = 
1 = Tor (T°C) | 
= | Top (+25°C) 
re 
= = 1.5 
= = 
> = 
= = 
z Q 
= N 1.0 
| 
< 
= 
ce 
fe} 
z 
0.5 
-50 0 +25 +50 +100 +150 
CAPACITIVE LOAD (nF) JUNCTION TEMPERATURE (°C) 
FIGURE 13. MINIMUM OFF TIME (Tor) vs C, AT +25°C FIGURE 14. NORMALIZED MINIMUM OFF TIME (Top) vs TEMPER- 


ATURE (C, = 10nF) 
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Typical Performance Curves 1, = +25°C Unless Otherwise Specified (Continued) 


< -_ 
5 = 
Cc 
ir G1 
=) 
oO 
| 
’ a on - 
‘i man Pil vaamat 7 
| et alll 
: aims cil mT 
0 0.4 0.8 1.2 1.6 2.0 100 1000 
Ve (V) FORWARD CURRENT (mA) 
FIGURE 15. DIODE D1 AND D7 CURRENT vs V; FIGURE 16. DIODE Qapq vs FORWARD CURRENT 
] 
7 
6 
Ss t 
F 4 “ 
3 
2 
1 
0 
lops (A) 
Vertical 100mA/div 
Horizontal 50ns/div 
FIGURE 17. DIODE D1 REVERSE RECOVERY WAVEFORM FIGURE 18. Vi AND lip VS lops [Vour (PIN 8) = 0, V+ = 15V, 
I; = 200mA, 20V REVERSE BIAS 1ps PULSE] 
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Features 


This Circuit is Processed in Accordance to Mil-Std- 
883 and Is Fully Conformant Under the Provisions 
of Paragraph 1.2.1. 


Fast Fall Times. .cscncvnsccuwns 16ns at 10,000pF 
No Supply Current in Quiescent State 


e Peak Source Current ...........cccccccccees 6A 
e Peak Sink Current ............ ccc ceccccae 30A 
e High Frequency Operation .............. 300kHz 
Applications 


Switch Mode Power Supplies 
DC/DC Converters 
Motor Controllers 


Uninterruptible Power Supplies 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
HV400MJ/883 -55°C to +125°C | 8 Lead Ceramic 
SBDIP 


HV400MJ/883 


High Current MOSFET Driver 


Description 


The HV400MJ/883 is a single monolithic, non-inverting high 
current driver designed to drive large capacitive loads at high 
slew rates. The device is optimized for driving single or parallel 
connected N-channel power MOSFETs with total gate charge 
from 5nC to >1000nC. It features two output stages pinned out 
separately allowing independent control of the MOSFET gate 
rise and fall times. The current sourcing output stage is an NPN 
capable of 6A. An SCR provides over 30A of current sinking. 
The HV400MJ/883 achieves rise and fall times of 54ns and 
16ns respectively driving a 10,000pF load. 


Special features are included in this part to provide a simple, 
high speed gate drive circuit for power MOSFETs. The 
HV400MJ/883 requires no quiescent supply current, however, 
the input current is approximately 15mA while in the high state. 
With the internal current steering diodes (Pin 7) and an external 
capacitor, both the timing and MOSFET gate power come from 
the same pulse transformer; no special external supply is 
required for high side switches. No high voltage diode is 
required to charge the bootstrap capacitor. 


The HV400M4J/883 in combination with the MOSFET and pulse 
transformer makes an isolated power switch building block for 
applications such as high side switches, secondary side regula- 
tion and synchronous rectification. The HV400MJ/883 is also 
suitable for driving IGBTs, MCTs, BUTs and small GTOs. 


The HV400MJ/883 is a type of buffer; it does not have input 
logic level switching threshold voltages. This single stage 
design achieves propagation delays of 20ns. The output NPN 
begins to source current when the voltage on Pin 2 is approxi- 
mately 2V more positive than the voltage at Pin 8. 


The output SCR switches on when the input Pin 2V is 1V more 
negative than the voltage at Pins 3/6. Due to the use of the SCR 
for current sinking, once the output switches low, the input must 
not go high again until all the internal SCR charge has dissi- 
pated, O0.5us - 1.5ys later. 


Pinout Schematic 
HV400MJ/883 (SBDIP) PIN1 © 
TOP VIEW 
PIN2 © 
PINS 
V+ SUPPLY | 1 | 18 | SOURCE OUTPUT 
PIN7 
INPUT |.2| DIODES 
PIN3 ¢ PIN 6 
SINK OUTPUT [3. 16 | SINK OUTPUT 
GND [4 | 15 | GND 
PIN4 ¢ PIN 5 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3584.1 


Copyright © Harris Corporation 1994 
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Absolute Maximum Ratings Thermal Information 

Voltage Between Pin 1 and Pins 4/5 ................0084. 35V Thermal Resistance Bya 8c 

Input Voltage Pin 7 (Max). ...........0e cece eee eee Pin 1+ 1.5V Sidebrazed DIP iiss ccee oecsnsaes ss 91°C/W 2 5°C/W 

rip Vetsoe Pin F (MIN) « cseesds aenssenaseuneds Pin 4/5-1.5V Power Dissipation at Ty = +25°C.. 11.0... 0... ee eee eee 2.33W 

input Voltage Pin 2 to PIN A/6 «605s ciccccsesveceverssces +/-35V Operating Temperature Range 

Input Voltage Pin 2 to PING ......... ee eee eee eee eee -35V HVSDOMUGGS soca 44 ve eee s 558004 Cees -55°C < Ty < +125°C 

Maximum Clamp Current (Pin 7)............. ccc eee e eens +300mMA Maximum Junction Temperature................2. 000. +200°C 
Storage Temperature Range.............. -65°C < Ty < +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions 


Operating Temperature Range................ -55°C to +125°C 
Operating Supply Voltage. ............ ce eee eee +10V to +35V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, Unless Otherwise Specified 


Input High Differential Volt- 
age (Pin 2 - Pin 8) 


Input Low Differential Volt- Vout = 12V, 
age (Pin 2 - Pin 3/6) lout LO = -3mA 


HIGH SIDE 
SWITCHES 


Input High Current 


ae ame . 
Input Low Current 
Ca 


Ce OK 


ee 
[23 | ware eee [0 [oo | 
ee 
ss ma 


-55°C 
Output High Leakage 


Forward Voltage Ve Ip = 100mA 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


This Table Intentionally Left Blank. See AC Parameter on Table 3. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, Unless Otherwise Specified 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | MAX — UNITS 


Vout = 


Ne ee 
PeakGapu Coren | tw [West has voreo | eo | = | # | A 
ES CA 
evtme | tm | SeeSwonradavaneatencieal aro | 7 | @ | w_ 
Fate | + | SeeSwinradayanenatencreal ero | 4 [a | = 
oseytinetown | ton _[SeeSvivingGeyemensTencron| ase [6 | | 
DaerTie oto. | Tor _[SseSvivingDeynensTencron| vase 7 | 6 | 
Naimamortine | Ton __[SeeSvibigupanensToncrea| vase | ooo | 10 | vw 


NOTE: 
1. Switching times are guaranteed but not tested. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


a 
FS 
[sransCaw enone | 


NOTE: 
1. PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 
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Test Descriptions 


[a [Recerenegietonaniin ten n@nenwnn=OR 
ie 


OH 
The output (pin 8) leakage current with the input (pin 2) = Ground 

a 
| lon | The output (pins 3, 6) leakage current with the input (pin 2) = V+ x a 


Sa 
SS 


The output propagation delay from the input (pin 2) falling edge 
The minimum time required after an output high to low transition before the next input low to high transition 
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Switching Diagram and Test Circuit 


INPUT 
ov 


Vout 


OUTPUT 


R1 100 1W 


eeanaacaevvanaaea2aawaeaaaaeaaauzwaa ead. 


502 SOURCE 
(RISE AND FALL TIMES <10ns) 


HV400 AC TEST BOARD 


Parts List 


R1 100Q, 1W Carbon Resistor C, 0.01pF, 50V Chip Capacitor 

R2 Wire D1 1N914 Diode 

R, 100k, 1/8W Carbon Resistor J1, J2 PC Mount Banana Jack Johnson 108-0740-001 
C1 330uF, 50V Capacitor J3, J4 PC Mount SMA Connector Johnson EFJ142 
C2 1uF, 50V Capacitor U1 Harris HV400MJ/883 I.C. 
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Burn-In Circuit (Dynamic) 


V3 ¢ 


0.1pF 


C1 
0.01 pF 
Vic 
7) 
AW 
DS 
O.1pF 
P NOTES: gE 
. R1 = 100, 5%, 1/4W. = = 


. R2= 5, 5%, 2W. 

. R3 = 100Q, 5%, 2W. 

. C1 =0.01pF, 10%, 30V. 

. C2 =0.001pF, 10%, 30V. 

. C3, C4, C5 = 0.1pF, 20%, 50V. 
V1 = -15.5V, + 0.5V. 

. V2 = -5.5V, + 0.5V. 

. V3 = +5.5V, + 0.5V. 

. Q1, Q2 = SK9505 or Equivalent. (One Pair Per Board Column) 
. Fy = 12.5kHz, 50% Duty Cycle. 
Vit = 0.8V (Max) 

Vin = +4V (Min) 


=SOOONOANAWND = 


—_ ao 
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Metallization Topology 


DIE DIMENSIONS: 
1700 x 1820 x 483um 


METALLIZATION: 
Type: 1% Cu, 99% Al 
Thickness: 16kA + 2k 


SUBSTRATE POTENTIAL (POWERED UP): 


Unbiased 
WORST CASE CURRENT DENSITY: 


HV400MJ/883 


GLASSIVATION: 
Type: Silox 
Thickness: 12kA + 2kA 
Type: Nitride 
Thickness: 3. 5kA + 2. 5kA 


TRANSISTOR COUNT: 3 
PROCESS: HFSB Linear Dielectric Isolation 


8.2 x 10% A/cm? during 11s pulse with -35A output current, 


through 8um wide line 14kA thick. 


Metallization Mask Layout 


V+ (1) 


INPUT (2) 


SINK OUTPUT (3) 


GROUND (4) 


=F ll 


co ae? ce 
i le > —-p3993 


il Hit 


UAE 


HV400MJ/883 


(8) SOURCE 
OUTPUT 
(8) SOURCE 
OUTPUT 


(7) DIODES 
© a: 91 


(6) SINK OUTPUT 


1 tu) tl ] iy i 


(5) GROUND 
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The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as applica- 


tion and design informiation only. No guarantee is implied. 


Circuit Operation 


The HV400MJ/883s operation is easily explained by refer- 
ring to the schematic. The control signal is applied to Pin 2. If 
the control signal is about 2V above Pin 8, the output NPN 
Q1 turns on charging the MOSFET gate from a capacitor 
connected to Pin 1. Resistor R4 helps keep the SCR off by 
applying a reverse bias to the SCR anode gate. 


When the control input drops about 1V below Pin 3/6, PNP 
Q2 turns on which triggers the SCR by driving both the 
anode and cathode gates. The SCR discharges the 
MOSFET gate and when its current becomes less than 
10mA, it turns off. Transistor Q2 conducts any gate leakage 
currents, through resistors R1 and R2, once the SCR turns 
off. Figure 7 shows the output characteristics before the 
SCR turns on and after it turns off. When the SCR turns on, 
resistor R4 provides a path to remove Q1 base charge. 
Resistor R3 provides the base current for Q2 to reduce the 
turn off delay time. Resistors R1 and R2 reduce the SCR 
recovery time. 


The two diodes connected to the diode input Pin 7 provide 
some operation flexibility. With Pins 2 and 7 connected 
together, diode D1 provides a path to recharge the storage 
capacitor once the MOSFET gate is pulled high and, along 
with diodes D2 and D3, keeps Q1 from going into hard 
saturation which would increase delay times. Diode D7 
would clamp the input near ground and provide a current 
path if an input DC blocking capacitor is used. 


Alternatively, Pin 7 can be connected to Pin 6 so that the 
SCR and NPN Q1 don’t have to pass reverse current if the 
output “rings” above the supply or below ground. When high 
performance diodes are required, Pin 7 can be left 
disconnected and external diodes substituted. 


The diodes in series with Pin 2 decouple the input from the 
output during negative going transitions. The absence of 
input current turns off Q1 and allows Q2 to trigger the SCR. 
Diode D8 turns off Q2 once the SCR turns on pulling the out- 
put low, otherwise Q2 would saturate and slow down circuit 
operation. In addition, the diodes D2, D3 and D8 improve 
noise immunity by adding about 2.5V of input hysteresis. 


The HV400MJ/883 is capable of large output currents but 
only for brief durations due to power dissipation. 


Circuit Board Layout 


PC board layout is very important. Pins 3 and 6 should be 
connected together as should Pins 4 and 5. Otherwise the 
internal interconnect impedance is doubled and only half of 
the bond wires are used which would degrade the reliability. 


The bootstrap capacitor should hold at least 10x the charge 
of the MOSFET and should be connected between Pins 1 
and 4/5 with minimum pin lengths and spacings. Likewise, 
the HV400MJ/883 should be as close to the MOSFET as 
possible. Any long PC traces (parasitic inductances) 
between the MOSFET gate and Pins 8 or 3/6 or between the 
source and Pins 4/5 should be avoided. Inductance between 
the HV400MJ/883 and the MOSFET limit the MOSFET 
switching time. If they are too large, the HV400MJ/883 may 
operate erratically as discussed below. 


Cross Conduction Faults 


It is possible to have both Q1 and the SCR on at the same 
time resulting in very large cross conduction currents. The 
SCR has larger current capacity so the output goes low and 
the storage capacitor is discharged. The conditions that 
cause cross conduction and precautions are discussed 
below. 


Minimum Off Time 


The SCR requires a recovery time before voltage can be 
reapplied without it switching back on. Figure 13 shows how 
this SCR recovery time, called “minimum off time” (Top), is a 
function of the load capacitance. If the input voltage goes 
high before this recovery time is complete, the SCR will 
switch back on. 


Note that reverse current flowing through the SCR, for 
example due to load inductance ringing, extends the 
minimum off time. Since the minimum off time is really 
dependent upon how much stored charge remains in the 
SCR when the anode (Pin 3/6) is taken positive, it may vary 
for different applications. Figure 13 indirectly shows that the 
minimum off time increases with larger currents. It also 
increases at elevated temperatures as shown in Figure 14. 
Excessive ringing increases the minimum off time since the 
stored charge doesn’t begin to dissipate until the current 
drops below 10mA for the last time. Rising anode voltage 
acts on the internal SCR capacitance to generate its own 
triggering current. The excess stored charge increases this 
capacitance. Faster rise times and/or higher voltages also 
increase the amount of internal trigger current from the inter- 
nal capacitance so applications with larger dV/dt require 
longer minimum off times. 


The minimum off time must be considered for all occur- 
rences of SCR current. For example, in a half bridge switch 
mode power supply, there are two MOSFETs connected to 
the transformer primary. Assume that the high side MOSFET 
switch is off. When the low side MOSFET switch is turned 
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on, the HV400MJ/883 driving the high side MOSFET will 
have to sink gate current from Cep and will have to source 
gate current when the low side MOSFET switches back off. 
Both of these current pulses will try to flow through Pin 3/6 
since the Pin 8 output is turned off. Sourcing current from 
Pins 3/6 through the SCR is possible, the Pin 3/6 voltage 
becoming negative with respect to Pins 4/5 (See Figure 8). 
But a better practice would be to connect a Schottky diode 
between Pins 4/5 (anode) and 3/6 (cathode) so reverse cur- 
rent does not flow through the SCR. 


False SCR Triggering 


The SCR may be triggered inadvertently. The output may 
overshoot the input due to inductive loading or over driving 
the output NPN (allowing it to saturate). Whenever Pin 6 is 
more positive than Pin 2 by 1V, the SCR is triggered on. 


Also, if the output rises too rapidly, greater than 0.5V/ns, the 
SCR may self trigger. Both issues are resolved by minimiz- 
ing the load inductance and inserting sufficient resistance, 
usually 0.192 to 10Q, between Pin 8 and the load. 


A very fast negative going input voltage can result in minimum 
off times of about 2.5us. If the output can not keep up with the 
falling input, the stored charge of diode D4 is transferred into 
the base of Q2. This excess charge in Q2 must have time to 
dissipate. Otherwise, when Pin 3/6 goes positive, Q2 will turn 
on and trigger the SCR. An external diode in series with Pin 2, 
as shown in Figure 1, will prevent D4 from discharging into the 
base of Q2 but that will also reduce the output voltage by the 
forward voltage of that diode. 


internal Diodes 


The internal diodes connected to Pin 7 are provided for 
convenience but may not be suitable for large currents. Since 
they are part of the integrated circuit, they are physically 
small, operate at high current densities, and have long recov- 
ery times. Figure 15 shows that their forward characteristics 
degrade above 100mA. In addition, Figure 16 shows their 
reverse recovery charge as a function of forward current. The 
product of this charge, the applied reverse voltage and the fre- 
quency is the additional power dissipation due to the diodes. 
For stored charge calculations, use the peak forward current 
within 100ns of the application of reverse bias. In addition to 
the extra power dissipation, the capacitance of these diodes 
may extend the switching delay times. 


Power Dissipation Calculations 


The power required to drive the MOSFET is the product of 
its total gate charge times the gate supply voltage (maximum 
voltage on HV400MJ/883 Pin 1, 2 or 7) times the frequency. 
Assuming that the MOSFET gate resistance is negligible, 
this power is dissipated within the HV400MJ/883. If resistors 
are placed between the HV400MJ/883 and the MOSFET, 


then some of the power is dissipated in the resistors, the per- 
centage depending upon the ratio of resistors to HV400MJ/ 
883 output impedance. 


There are two other sources of power dissipation to 
consider. First there is the power in R3 which is the product 
of the input Pin 2 current and voltage (with no output current) 
times the duty cycle. Second is the product of the Pin 7 
diode stored charge, which is dependent upon the forward 
current, times the applied diode reverse voltage times the 
frequency. This information is available from Figure 3 and 
Figure 16 in this data sheet. 


Applications Circuits 


The HV400MJ/883 was designed to interface a pulse trans- 
former to a power MOSFET. There must be some means to 
balance the transformer volt-second product over a cycle. 
The unipolar drive shown in Figure 1 lets the core magneti- 
zation inductance reverse the primary and secondary volt- 
ages. The zener diode on the primary side limits this voltage 
and must be capable of dissipating the energy stored in the 
transformer. The load may be connected to either the power 
MOSFET drain or source. 


i 
4 Sevcccccccvccccsececccovconsesseuseccceovens é 5 POWER 


= HV400MJ/883 MOSFET 


FIGURE 1. UNIPOLAR DRIVE 


A diode is added in series with Pins 2 and 7 to allow the 
transformer secondary to go negative. The charge storage of 
the Pin 7 diode may cause the turn off delay time to be too 
long. Alternatively, Pin 7 could be left disconnected and a 
second external diode connected between the transformer 
(anode) and Pin 1 (cathode). In some applications the diode 
in series with Pin 2 may be unnecessary but the -35V input 
to output or ground maximum rating should be observed. 


Sometimes the volt-second balance is achieved by a push-pull 
drive on the pulse transformer primary. This is especially useful 
if there are two secondary windings driving two HV400MJ/883s 
out of phase such as in a half-bridge configuration. 
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Other times it is more convenient to achieve volt-second 
balance by using capacitors to block DC in the primary and 
secondary windings as shown in Figure 2. The Pin 7 diodes 
provide a path for discharging the secondary side DC block- 
ing capacitor. Both capacitors, Cj and Cs, should be at 
least 10 times the equivalent MOSFET gate capacitance. 


The HV400MJ/883 can be used as a current booster for low 
side switches by connecting directly to the PWM output. The 
circuit would be similar to the switching time test circuit. 


It is worth restating that some consideration (and experimen- 
tation) should be given to the choice of external components, 
i.e. resistors, capacitors and diodes, to optimize 


HV400MJ/883 
performance in a given application. FIGURE 2. BIPOLAR DRIVE WITH DC BLOCKING CAPACITOR 
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April 1994 Dual Power MOSFET Driver 


Features Description 


¢ Fast Rise and Fall Times The ICL7667 is a dual monolithic high-speed driver 
_- 30ns with 1000pF Load designed to convert TTL level signals into high current 
outputs at voltages up to 15V. Its high speed and current 

Wide Supply Voltage Range output enable it to drive large capacitive loads with high slew 

- Voc = 4.5V to 15V rates and low propagation delays. With an output voltage 
swing only millivolts less than the supply voltage and a 

LE PEEL See maximum supply voltage of 15V, the ICL7667 is well suited 

- 4mW with Inputs Low for driving power MOSFETs in high frequency switched- 
- 20mW with Inputs High mode power converters. The ICL7667s high current outputs 


TTL/CMOS Input Compatible Power Driver minimize power losses in the power MOSFETs by rapidly 
R 72 Typ charging and discharging the gate capacitance. The 
- Rout = 


ICL7667s input are TTL compatible and can be directly 
Direct Interface with Common PWM Control ICs driven by common pulse-width modulation control ICs. 


Pin Equivalent to DS0026/DS0056; TSC426 


; — Order Information 
Typical Applications 


TEMPERATURE 
e Switching Power Supplies PART NUMBER RANGE 


e DC/DC Converters ICL7667CBA 0°C to +70°C 8 Lead SOIC (N) 
ICL7667CPA 0°C to +70°C 8 Lead Plastic DIP 
e Motor Controllers 
ICL7667CJA 0°C to +70°C 8 Lead Ceramic DIP 
ICL7667CTV 0°C to +70°C 8 Pin Metal Can 
ICL7667MTV (Note 1)| -55°C to +125°C | 8 Pin Metal Can 
ICL7667MJA (Note 1)} -55°C to +125°C | 8 Lead CerDIP 


NOTE: 1. Add /883B to Part Number for 883B Processing 


Pinouts Functional Diagram 


ICL7667 (CAN) 


TOP VIEW Vee 


ICL7667 (PDIP, SOIC, CERDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2853.2 
Copyright © Harris Corporation 1994 3-38 


Specifications ICL7667 


Absolute Maximum Ratings Thermal Information 
supply Vollage VF1O Ve. ss iccecd eon ceed btexcesceenesss 15V Thermal Resistance Bya Bic 
OE VOGNIGs os 8s cee ewe ceases neaemen dor V- -0.3V to V+ +0.3V POP PECKGOR 60265 vaciewes seeens 150°C/W - 
Package Dissipation, Ty +25°C ........ cc cece eee eee 500mWw SOIC Package..............0000- 170°C/W - 
Metal Can Package............... 156°C/W 68°C/W 
CerDIP Package ................. 115°C/W 30°C/W 
Storage Temperature Range.................. -65°C to +150°C 
Lead Temperature (Soldering 10s) .................05. +300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Temperature Range 
NOG cei nancieeicewsdeanpaoas enreenees 0°C to +70°C OG ice db eshaacewderdorsseceuncuns -55°C to +125°C 


Electrical Specifications 


ICL7667C, M ICL7667M 
Ta = +25°C -55°C Ss Ta < +125°C 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | | TYP | MAX | 
DC SPECIFICATIONS 
Logic 1 Input Voltage Vin Voc = 4.5V 


Logic 1 Input Voltage Vin Voc = 15V 
Logic 0 Input Voltage Vit Voc = 4.5V 
Logic 0 Input Voltage Vit Voc = 15V 
Input Current lie Voc = 15V, Vin = OV and 15V 
Output Voltage High Vou Voc = 4.5V and 15V Voc 


< 


So 


Q 
> 
oO 


Voc 
-0.1 


cc 


Output Voltage Low Vo. Veco = 4.5V and 15V 
Vin = Vit» lout = -10MA, Voc = 15V 
Vin = Vins lout = 10MA, Veo = 15 
Power Supply Current lec Vec = 15V, Vin = 3V both inputs 
Power Supply Current loc Voc = 15V, Vin = OV both inputs 


SWITCHING SPECIFICATIONS 
7 


NOTE: All typical values have been characterized but are not tested. 


Output Resistance 


ee 


Output Resistance 


> 
ECCEEMECCEE 


Delay Time 
Rise Time 
Fall Time 
Delay Time 


D2 
TR 
Tr 
Toy 


Oo; Of © 


Test Circuits 
V-=15V 
: +5V 
90% 
INPUT 
— T 0.1 pF 10% 
= =0.4V 
INPUT OUTPUT 
C, = 1000pF 
15V 
INPUT RISE AND 
FALL TIMES <10ns 
OUTPUT 
ov 
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Typical Performance Curves 
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Typical Performance Curves (Continued) 
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FIGURE 7. DELAY AND FALL TIMES vs Vcc 


Detailed Description 


The ICL7667 is a dual high-power CMOS inverter whose inputs 
respond to TTL levels while the outputs can swing as high as 
15V. Its high output current enables it to rapidly charge and dis- 
charge the gate capacitance of power MOSFETs, minimizing 
the switching losses in switchmode power supplies. Since the 
output stage is CMOS, the output will swing to within millivolts 
of both ground and Vcc without any external parts or extra 
power supplies as required by the DS0026/56 family. Although 
most specifications are at Vcc = 15V, the propagation delays 
and specifications are almost independent of Voc. 


In addition to power MOS drivers, the |CL7667 is well suited 
for other applications such as bus, control signal, and clock 
drivers on large memory of microprocessor boards, where 
the load capacitance is large and low propagation delays are 
required. Other potential applications include peripheral 
power drivers and charge-pump voltage inverters. 


Input Stage 


The input stage is a large N-channel FET with a P-channel con- 
stant-current source. This circuit has a threshold of about 1.5V, 
relatively independent of the VCC voltage. This means that the 
inputs will be directly compatible with TTL over the entire 4.5V - 
15V Vcc range. Being CMOS, the inputs draw less than 1pA of 
current over the entire input voltage range of ground to Voc. 
The quiescent current or no load supply current of the ICL7667 
is affected by the input voltage, going to nearly zero when the 
inputs are at the O logic level and rising to 7MA maximum when 
both inputs are at the 1 logic level. A small amount of hystere- 
sis, about 50mV to 100mvV at the input, is generated by positive 
feedback around the second stage. 


Output Stage 


The ICL7667 output is a high-power CMOS inverter, swinging 
between ground and VCC. At Vcc = 15V, the output imped- 
ance of the inverter is typically 7Q. The high peak current 
capability of the ICL7667 enables it to drive a 1000pF load 
with a rise time of only 40ns. Because the output stage imped- 
ance is very low, up to 300mA will flow through the series N- 
channel and P-channel output devices (from Voc to ground) 
during output transitions. This crossover current is responsible 
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FIGURE 8. RISE TIME vs Veco 


Tr AND Tpp, (ns) 


for a significant portion of the internal power dissipation of the 
ICL7667 at high frequencies. It can be minimized by keeping 
the rise and fall times of the input to the ICL7667 below tps. 


Application Notes 


Although the ICL7667 is simply a dual level-shifting inverter, 
there are several areas to which careful attention must be paid. 


Grounding 


Since the input and the high current output current paths 
both include the ground pin, it is very important to minimize 
and common impedance in the ground return. Since the 
ICL7667 is an inverter, any common impedance will 
generate negative feedback, and will degrade the delay, rise 
and fall times. Use a ground plane if possible, or use 
separate ground returns for the input and output circuits. To 
minimize any common inductance in the ground return, 
separate the input and output circuit ground returns as close 
to the ICL7667 as is possible. 


Bypassing 


The rapid charging and discharging of the load capacitance 
requires very high current spikes from the power supplies. A 
parallel combination of capacitors that has a low impedance 
over a wide frequency range should be used. A 4.7pF 
tantalum capacitor in parallel with a low inductance 0.1pF 
capacitor is usually sufficient bypassing. 


Output Damping 


Ringing is a common problem in any circuit with very fast 
rise or fall times. Such ringing will be aggravated by long 
inductive lines with capacitive loads. Techniques to reduce 
ringing include: 
1. Reduce inductance by making printed circuit board traces 
as short as possible. 
2. Reduce inductance by using a ground plane or by closely 
coupling the output lines to their return paths. 
3. Use a 10Q to 302 resistor in series with the output of the 
ICL7667. Although this reduces ringing, it will also slightly 
increase the rise and fall times. 


4. Use good bypassing techniques to prevent supply voltage 
ringing. 
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Power Dissipation 


The power dissipation of the ICL7667 has three main 
components: 


1. Input inverter current loss 
2. Output stage crossover current loss 
3. Output stage I?R power loss 


The sum of the above must stay within the specified limits for 
reliable operation. 


As noted above, the input inverter current is input voltage 
dependent, with an Icc of 0.1mA maximum with a logic O 
input and 6MA maximum with a logic 1 input. 


The output stage crowbar current is the current that flows 
through the series N-channel and P-channel devices that 
form the output. This current, about 300mA, occurs only dur- 
ing output transitions. Caution: The inputs should never be 
allowed to remain between V;, and Vj, since this could leave 
the output stage in a high current mode, rapidly leading to 
destruction of the device. If only one of the drivers is being 
used, be sure to tie the unused input to a ground. NEVER 
leave an input floating. The average supply current drawn by 
the output stage is frequency dependent, as can be seen in 
Icc vs Frequency graph in the Typical Characteristics 
Graphs. 


The output stage I?R power dissipation is nothing more than 
the product of the output current times the voltage drop 
across the output device. In addition to the current drawn by 
any resistive load, there will be an output current due to the 
charging and discharging of the load capacitance. In most 
high frequency circuits the current used to charge and 
discharge capacitance dominates, and the power dissipation 
is approximately 


where C = Load Capacitance, f = Frequency 


In cases where the load is a power MOSFET and the gate 
drive requirement are described in terms of gate charge, the 
ICL7667 power dissipation will be 


Pac = QeVecf 


where Qc = Charge required to switch the gate, in Coulombs, 
f = Frequency. 


Power MOS Driver Circuits 


Power MOS Driver Requirements 


Because it has a very high peak current output, the ICL7667 
the at driving the gate of power MOS devices. The high 
current output is important since it minimizes the time the 
power MOS device is in the linear region. Figure 9 is a 
typical curve of charge vs gate voltage for a power MOSFET. 
The flat region is caused by the Miller capacitance, where 
the drain-to-gate capacitance is multiplied by the voltage 
gain of the FET. This increase in capacitance occurs while 
the power MOSFET is in the linear region and is dissipating 


significant amounts of power. The very high current output of 
the ICL7667 is able to rapidly overcome this high capaci- 
tance and quickly turns the MOSFET fully on or off. 


GATE TO SOURCE VOLTAGE 


02 4 6 8 10 12 14 16 


18 20 
GATE CHARGE - Qg (NANO-COULOMBS) 


FIGURE 9. MOSFET GATE DYNAMIC CHARACTERISTICS 


Direct Drive of MOSFETs 


Figure 11 shows interfaces between the ICL7667 and typical 
switching regulator ICs. Note that unlike the DS0026, the 
ICL7667 does not need a dropping resistor and speedup 
capacitor between it and the regulator IC. The ICL7667, with 
its high slew rate and high voltage drive can directly drive the 
gate of the MOSFET. The SG1527 IC is the same as the 
$G1525 IC, except that the outputs are inverted. This inver- 
sion is needed since ICL7667 is an inverting buffer. 


Transformer Coupled Drive of MOSFETs 


Transformers are often used for isolation between the logic 
and control section and the power section of a switching 
regulator. The high output drive capability of the ICL7667 
enables it to directly drive such transformers. Figure 11 
shows a typical transformer coupled drive circuit. PWM ICs 
with either active high or active low output can be used in 
this circuit, since any inversion required can be obtained by 
reversing the windings on the secondaries. 


Buffered Drivers for Multiple MOSFETs 


In very high power applications which use a group of MOS- 
FETs in parallel, the input capacitance may be very large 
and it can be difficult to charge and discharge quickly. Figure 
13 shows a circuit which works very well with very large 
capacitance loads. When the input of the driver is zero, Q1 is 
held in conduction by the lower half of the ICL7667 and Q2 is 
clamped off by Qi. When the input goes positive, Q1 is 
turned off and a current pulse is applied to the gate of Q2 by 
the upper half of the ICL7667 through the transformer, T1. 
After about 20ns, T1 saturates and Q2 is held on by its own 
Cgs and the bootstrap circuit of C1, D1 and R1. This boot- 
strap circuit may not be needed at frequencies greater than 
10kHz since the input capacitance of Q2 discharges slowly. 
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FIGURE 10B. 
FIGURE 10. DIRECT DRIVE OF MOSFET GATES 
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FIGURE 12. VERY HIGH SPEED DRIVER 


OUTPUT CURRENT vs OUTPUT VOLTAGE 
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FIGURE 13B. 


FIGURE 13. VOLTAGE INVERTER 
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Other Applications 


Relay and Lamp Drivers 


The ICL7667 is suitable for converting low power TTL or 
CMOS signals into high current, high voltage outputs for 
relays, lamps and other loads. Unlike many other level 
translator/driver ICs, the |CL7667 will both source and sink 
current. The continuous output current is limited to 200mA 
by the IR power dissipation in the output FETs. 


Charge Pump or Voltage Inverters and Doublers 


The low output impedance and wide VCC range of the ICL7667 
make it well suited for charge pump circuits. Figure 13A shows 
a typical charge pump voltage inverter circuit and a typical per- 
formance curve. A common use of this circuit is to provide a low 
Current negative supply for analog circuitry or RS232 drivers. 
With an input voltage of +15V, this circuit will deliver 20mA at 
-12.6V. By increasing the size of the capacitors, the current 
Capability can be increased and the voltage loss decreased. 
The practical range of the input frequency is 500Hz to 250kHz. 
As the frequency goes up, the charge pump capacitors can be 
made smaller, but the internal losses in the ICL7667 will rise, 
reducing the circuit efficiency. 


Figure 14, a voltage doubler, is very similar in both circuitry and 
performance. A potential use of Figure 13 would be to supply 
the higher voltage needed for EEPROM or EPROM 
programming. 


Clock Driver 


Some microprocessors (Such as the CDP68HC05 families) 
use a Clock signal to control the various LSI peripherals of 
the family. The ICL7667s combination of low propagation 
delay, high current drive capability and wide voltage swing 
make it attractive for this application. Although the ICL7667 
is primarily intended for driving power MOSFET gates at 
15V, the ICL7667 also works well as a 5V high-speed buffer. 
Unlike standard 4000 series CMOS, the ICL7667 uses short 
channel length FETs and the ICL7667 is only slightly slower 
at 5V than at 15V. 


+15V 
1kHz - 250kHz 
SQUARE 
WAVE 
INTTL 4/2 
LEVELS ICL7667 


FIGURE 14. VOLTAGE DOUBLER 
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Half Bridges Selection Guide 
MOSFET Driver Circuits 


MAX RECOM- 
BUS MENDED MAX PULSED | MAX PWM RECOM- 
VOLT- SUPPLY GATE FRE- SHOOT THRU MENDED 
FUNCTION AGE VOLTAGE CURRENT QUENCY | PROTECTION APPLICATION 


P-Channel 30Vpc | 8Vpc to 15Voc Yes 28 Lead PLCC | Motor Control 
Power Driver 


N-Channel 500Vp¢ | 10Vp¢ to 15Vp> 14 Lead PDIP | Motor Control 
Half Bridge 16 Lead PDIP | SMPS 
Wafer, Die 
16 Lead SOIC 
N-Channel 500Vpc | 10Vp¢ to 15Vpc¢ Yes 20 Lead PDIP 
Half Bridge 20 Lead SOIC 
SP600 N-Channel 500Vpc¢ 14.5Vp¢ to Yes 22 Lead PDIP | Motor Control 
Half Bridge 16.5Vp¢ 
N-Channel 500Vpc¢ 14.5Vp¢ to Yes 22 Lead PDIP | Motor Control 
Half Bridge 16.5Vp¢> 


HIGH SIDE DRIVERS THAT CAN BE USED IN HALF BRIDGE CONFIGURATION 


35Vpc | 15Vpc¢ to 30Vpc | 6A (ON) Source | 20kKHz(MC) 
30A(OFF) Sink 
a i 


N-Channel 
Power Driver 


8 Lead PDIP 
8 Lead SOIC 


Motor Control 
SMPS 


ICL7667 | N-Channel 
Dual Driver 


TO-99, Motor Control 
PDIP, CerDIP | SMPS, and 
and SOIC MOSFET Driver 


HARRIS HIP2030 


PRELIMINARY 


April 1994 30V MCT/IGBT Gate Driver 
Features Description 
e +/- Polarity Gate Drive The HIP2030 is a medium voltage integrated circuit (MVIC) 
e High Output Voltage Swing..............e000e- 30V capable of driving large capacitive loads at high voltage slew 
¢ Peak Output Current ...........cececceeeeeee 6.0A ‘ates (dV/dts). This device is optimized for driving 60nF of 


. MOS gate capacitance at 30V peak to peak in less than 
Fast Rise Time .........--+2+20+- 200ns at 60,000pF 200ns. The half bridge gate driver is ideal for driving MOS 

¢ Ability to Interface and Drive P-MCTs Controlled Thyristor (MCT) and IGBT modules. 

e Programmable Minimum ON/OFF Time 


* Gate Output Inhibit Latch The architecture of the HIP2030 includes four comparator 


input channels, a 5V reference, a 12V regulator, and a high 


SV Reference .........++.+-.00ee Sinks Up to 30MA side charge pump. The device provides the user with the 
¢ High Side Charge Pump ability to control minimum low time (MLT) and minimum high 
* 120KH2 OperatlOt.xasscusicenasvewsees at 15,000pF time (MHT) at the gate channel output (GO) by varying two 
external capacitances. In addition, the device contains two 
A pplications uncommitted comparator channels (channels A and B) that 
can be used as monitors (temperature sensing), indicators 
¢ Motor Controllers (LEDs or opto-couplers), input signal conditioning (both con- 
¢ Uninterruptible Power Supplies tain Schmitt triggers), or oscillators. ii 
* Resonant Inverters The power requirements of the HIP2030 are low. The driver 4 
¢ Static Circuit Breakers can be easily configured to operate in one of three power r 
e Inverters configurations. This allows the use of a small PCB mount- 8) 
e Converters able transformer or battery to provide isolated power to the 2 
¢ Arc Welders Griver chip, = 
The HIP2030 supplies high output current drive to large 
Ordering Information capacitive loads and requires few external components to 


implement a wide variety of MOS gate driver circuits. 


TEMPERATURE 
PART NUMBER RANGE 


HIP2030IM -40°C to +85°C 28 Lead PLCC 


Pinout Functional Block Diagram 


HIP2030 (PLCC) 
; A 


B1 


B2 


MLT 13 14 MHT 16 P- 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3691 
Copyright © Harris Corporation 1994 4-3 


Specifications HIP2030 


Absolute Maximum Ratings Thermal Information 
Gate Channel Supply Voltage, VP+ to VP- ............ -0.5V to32V Thermal Resistance............. ee eee ee eeee Oya 
Logic Supply Voltage, VPO to VP- ........ cece ee eee 7V to 18V PLCC PAGKAQG. 6 xckciernderrackewensacsa 60°C/W 
All Other Pin Voltages Lead Temperature (Soldering 10s) ................-. +265°C 
(A+, A-, B1+, B1-, B2+, B2-, L+, L-, R+, R-)... (VP-)-0.5 to (VP+)+0.5 Storage Temperature Range............... -40°C to +150°C 
Junction Temperature ....... 0... cee eee ee eee eens +125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions (1, = -40°C to +125°C Unless Otherwise Noted, All Voltages Referenced to VP-) 


Gate Channel Supply Voltage, VP+ to VP- ............ -0.5V to 30V. Max Output Source Current, Channels A,B........... 10mA 
Logic Supply Voltage, VPO to VP- ........... cece eee 10 to 15V Max Output Sink Current, Channels A,L.............. 10mA 
All Other Pin Voltages Min Load Current, Ref to P-............ 2c cece e eee eee 2mA 


(A+, A-, B1+, B1-, B2+, B2-, L+, L-, A+, R-)... (VP-)+2V to (VP0)+2V 


Static Electrical Specifications vPo to VP- = 15V, VP+ to VP- = 30V, VP- = OV and T, = +25°C, Unless Otherwise Specified 


SYMBOL 


PARAMETER TEST CONDITIONS 


Quiescent Vp, Supply 


Quiescent Vpp Supply VPP to VP- = 30V 


Quiescent Vpos Supply Osc Freq = 100kHz 


VPO Switching Current A, B, and G Input 


Freq = 10kKHz 


VPP Switching Current A, B, and G Input 


Freq = 10kHz 


BVpp VPP-VPM Breakdown Voltage 


Regulator Voltage, PO to Ref IREF = 2mA 


Vrea 


Regulator Impedance, PO to Ref IREF = 10mA, 30mA 


Vetmp Clamp Voltage, REG to P- lowe = 15mA 


Reotmp Clamp Impedance, REG to P- lotmp = 15mA, 30mA 


FQpmp Charge Pump Frequency 


Charge Pump Duty Cycle 


Uv 


MP 


VoQpwp Charge Pump Voyr, VP+ to VP- IP+ = 500pA 


VoQpyp Charge Pump Voyr, VP+ to VP- IP+ = 5mA 


nh 


7 


a 


Comparator input Leakage ViNowp = VP0/2 


VOScmup Comparator offset Voltage Vem = VP0/2 


VCMcwp Comparator Common Mode Voltage 
Range 


(VP-)+2 


RDSspc AO, BO Output RDS, Sourcing 
GO Output RDS, Sourcing 


AO, LO Output RDS, Sinking 


Israc = 10mA 


| 


Isac = 6A 


N 


GO Output RDs, Sinking Isac = 6A 
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Specifications HIP2030 


Dynamic Electrical Specifications VP0 to VP- = 15V, VP+ to VP- = 30V, VP- = OV, VIN- = 7.5V, VIN+ = (VIN-) + 2V and 
Ty = +25°C, Unless Otherwise Specified 


SYMBOL PARAMETER 


TRe Rise Time, Channel G 


Fall Time Channel G 


TEST CONDITIONS 


Croap = 60nF 


HIP2030 Application Information 


The Harris Photo-Coupled Isolated Gate Drive (HPCIGD) 
circuit, illustrated in Figure 1, contains four subcircuits: a Single 
Supply DC bias, a Regulated voltage divider reference, a Local 
Energy Source Capacitance, and a Photo-Couple Receiver. 


The Single Supply DC Bias Circuit, shown in Figure 1, 
consists of a single external dropping resistor (R1) con- 
nected between pins P+ (U1-28) and PO (U1-22). When an 
input voltage of 30V is applied across pins P+ and P- (U1- 
16), R1 forms a resistive divider network with the input 
impedance located between pins PO and P- (RVPO). This 
allows the circuit designer to adjust the value of R1 to obtain 
a desired bias voltage between pins PO and P- (VPO.). The 
value of RVPO can be calculated by evaluating the equiva- 
lent Quiescent Input Impedance (RQ) and the 5V reference 
impedance (RR) as parallel resistances. The values for R1, 
RQ, RR, and RVPO can be determined by using equations 
1(A, B, C, D) as shown in appendix A, exercise 1.1. 


The Regulated Voltage Divider Reference is comprised of 
two resistors (R3 and R4) connected in series and are 
located across pins PO and REF. This voltage divider pro- 
vides a stable voltage reference to all of the HIP2030 com- 
parator inputs. Resistors R3 and R4 are selected equal in 
value to create a midpoint bias reference between the peak 
to peak input signal of U2. Also, the midpoint bias method 
ensures that input signals generated from U2 and midpoint 
bias reference voltages are within a safe common mode volt- 
age range of the comparators. 


The Local Energy Source Capacitances, C2 and C3, are 
needed to supply the charge required to drive large capaci- 
tance loads at high dV/dts. The HPCIGD circuit uses low 
cost “oversized” tantalum capacitors (C = 10uF) that are 
used for C2 and C3. If rise times and overshoot are critical, 


ceramic capacitors with low ESL and ESR should be used to 
improve gate drive signals. In a power circuit, where the gate 
driver is exposed to high dV/dts, the network of C2 and C3 
directs noise current away from the HIP2030. This allows the 
HFOIGD circuit to operate well in half bridge power circuits 
that use a transformer coupled power source. 


The Photo-Coupled Receiver subcircuit consists of U2, R5, 
C4, and R6. U2 is a photocoupler which combines an infra- 
red emitter diode (IRED)and a high speed photo detector to 
translate light pulses to low voltage input signals. These sig- 
nals are routed to the G channel and are used to control the 
output GO. Component R85 is used to limit the DC current 
through the IRED when the input signal voltage switches to 
its most positive level. A wide range of input voltages may be 
accommodated by varying R85 to limit the IRED current to 
25mA. C4 is a speed up capacitor and is selected to match 
the forward bias capacitance of the IR diode. The last com- 
ponent, R6, is an optional part and is intended to be a termi- 
nation resistor with the value set by the user. 


The Harris HIP2030 Driver Board (HIP2030DB) is a printed 
circuit board (PCB) developed to help evaluate the perfor- 
mance of the HIP2030 MCT/IGBT Driver IC in power switch- 
ing circuits. The component layout of the HIP2030DB circuit 
enables the user to conveniently populate the PCB for either 
Photo-Coupled or fiber-optic receivers. In addition, the PCB 
layout has provisions for “on board prototyping” and special 
function components. This facilitates the gate drive circuit 
design and allows the user to exercise the internal architec- 
ture and special functions of the HIP2030. The schematic of 
the HIP2030DB, illustrated in Figure 2, uses the basic 
HPCIGD circuitry and has provisions for “on board prototyp- 
ing” and special function components. 
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HALF BRIDGE 


HARRIS 
HIP2030 22 
28 LEAD PLCC 


Ce], 

9 

10 

11 
OG 13 14 15 16 17 #18 


HIP2030 


TABLE 1. LOGIC 
| 
H 


1 = Input True U = Undefined 
0 = Input False LS = Last State 


28 27 26 


MOS GATE 


21 


20 U2 TLP2601 


19 


i ae eee 
E RS 
PHOTO 
COUPLER 
SUBCIRCUIT R6 


FIGURE 1. HARRIS PHOTO-COUPLED ISOLATED GATE DRIVE 
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+30V 


C3 


5V 
INPUT 
SIGNAL 


HIP2030 


J1 
G 
R10 GR 
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820 Rs P+ 
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” 5V INPUT 
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HIP2030 
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FIGURE 2. HARRIS HIP2030 DRIVER BOARD 

NOTES: 

1. Capacitors C5 and C6 are special function components which control MLT and MHT. 

2. Asymmetrical gate drive may be obtained by opening J2 and adjusting R1 and R2 for the desired voltage ratio. 
. Insert C7 for charge pump operation. 
. Open J3 to disable the charge pump oscillator. 
. Open J1 to disable the internal 12V regulator. 
. R5 is added for noise rejection at CdV/dts. 
. The internal 5V reference (REF) must be operational for MHT and MLT functions to work properly. 
. P1-P12 are access pads for all comparitor inputs. 


ON Oo & W 


HIP2030 


Printed Circuit Board 


FIGURE 3B. BOTTOM LAYER 
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FIGURE 3C. TOP LAYER 
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FIGURE 3A. ASSEMBLY LAYER 
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HIP2030 


Appendix A Exercises 
Exercise 1.1 


Q: How do | calculate the value of the series dropping resis- 
tor R1, shown in Figure 1? 


A: The values for R1, Ra, Ra and Rypo can be determined 
by using equations 1 (A, B, C, D). 


Ro = 7 = EQ1(A) 
QPO 
Veo 
Ra = ageeenee = een 5 ans EQ1(B) 
OPTOT'vDR*'RP 
1 
Rypo = T 4 EQ1(C) 
a 
Where: Vpo = Voltage between pins PO and P- (U1 - U22 
and U1 - U16) 
lgpo = Quiescent current flowing into pin PO. 
lapto = Quiescent current of the HBR-2521 fiber- 
optic receiver. 
lypR = Current flowing through R3 and Ré4 (volt- 
age divider reference). 
lap = Current flowing through pull up resistor R2 


(in “ON” or “OFF” state) 


The maximum value of R1 can easily be determined in four 
design steps: 


1. Assume the following values: 


Vin = 30VDC 
lapo = 2.75mAat Vpo = 15V 
lopto = SMA 
lVvpR = 2.5mMA 
IRP(ON) = 5mA, R2 = 1K, VR2 = 5V 


2. Select a usable value of Vpp between 7V and 15V DC. 


Use Vpp=15V 
3. Solve for Rypp using EQ1(A, B, C): 
15V 
Q = 376ma ~ OOK 
15V 
AR = (5mA+2.5mA+5mA) _ — 
1 uu 
Rypo 7 1 <i 7 = 984 9 
5.45K 1.20K Fa 
jen] 
4. Solve for R1 using EQ1(D): a 
< 
R (Vins — Vesa) ae 
2 le ee EQI(0) 
PO 
984 (30V — 15V) 
R1 = ———___——_- = _ 984 


15V 


HARRIS 


SEMICONDUCTOR 


HIP2500 


Half Bridge 500Vp¢ Driver 


iH 


April 1994 


Features 


Maximum Rating 


Ability to Interface and Drive N-Channel Power 
Devices 


Floating Bootstrap Power Supply for Upper Rail 
Drive 


CMOS Schmitt-Triggered Inputs with Hysteresis 
and Pull-Down 


Up to 400kHz Operation 

Single Low Current Bias Supply 
Latch-Up Immune CMOS Logic 
Peak Drive 

Gate Drive Rise Time (+125°C) 


Up to 2.0A 
< 25ns (Typ) 


Applications 
e High Frequency Switch-Mode Power Supply 
e Induction Heating and Welding 
e Switch Mode Amplifiers 
e AC and DC Motor Drives 
Electronic Lamp Ballasts 
Battery Chargers 
UPS Inverters 
Noise Cancellation in Amplifier Systems 


Ordering Information 


-nowoen | "rence | PACKAGE 
NUMBER RANGE 


Pinouts 


HIP2500 (PDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1994 


HIP2500 (SOIC) 
TOP VIEW 


Description 


The HIP2500 is a high voltage integrated circuit (HVIC) opti- 
mized to drive N-Channel MOS gated power devices in half 
bridge topologies. It provides the necessary control for PWM 
motor drive, power supply, and UPS applications. The SD pin 
allows external shutdown of gate drive to both upper and lower 
gate outputs. Undervoltage lockout will not allow gating when 
the bias voltage is too low to drive the external switches into 
saturation. 


The HIP2500IP is pin and function compatible to the Interna- 
tional Rectifier 1IR2110. The HIP2500 has superior ability to 
accept negative voltages from the Vs pin to the COM pin due to 
forward recovery of the lower flyback diode. 


The HIP2500IB is a SOIC or small outline IC form of the 
HIP2500. The HIP25001B drives high side and low side refer- 
enced power switches just like the HIP2500IP. 

The HIP2500/P1 is a 16 pin Plastic DIP form of the HIP2500. 


Pins 4 and 5 removed from lead frame to provide extra creep- 
age and strike distances in high voltage applications. 


Functional Block Diagram 


HIP2500 (PDIP) 
TOP VIEW 
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File Number 2801.6 


Specifications HIP2500 


Absolute Maximum Ratings Full Temperature Range Unless 
Otherwise Noted, All Voltages Referenced to Vsg Unless Otherwise Noted. 


Floating Supply Voltage, Vg............... Vs-0.5V to Vgt+18.0V 
(Positive Terminal) 

FIGBING SUI VONAGG, Veinnccccancinvcds dxed nas enas 500V 
(Common Terminal) 

High Side Channel Output Voltage, Vio ........ -0.5V to Vg+0.5V 

Fixed Supply Voltage, Vog..... ee eee eee ee eee eee -0.5V to 18.0V 

Low Side Channel Output Voltage, Vio........ -0.5V to Vec+0.5V 

Logic Supply Voltage, Vop .<cscccssscccovesaeae -0.5V to 18.0V 

Logic Input Voltage, Vij... 2.0... cece cccvees -0.5V to Vpp+0.5V 


[HIN, LIN & SD (Shutdown)] 


Thermal Information 


Thermal Resistance Bsa 
Py EO neh oe ewe eWhO CHEE 6 OR OHER Ee LETS oO we 75°C/W 
Pare | ey hited eaus oaneactusGeseaeusens 80°C/W 
PUP SOUS vo xte Kone cadevacenn seed $008 swe ee 90°C/W 
See Maximum Power Dissipation vs Temperature Curve 
Junction Temperature Range .............245- -40°C to +125°C 
Storage Temperature Range, Ts.............-. -40°C to +150°C 
Operating Ambient Temperature Range, Ta....... -40°C to +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended DC Operating Conditions 


Floating Supply Voltage, Vg................ Vgt+10V to Vgt+15V 
(Floating Terminal) 

High Side Channel Output Voltage, Vyo .. 1... eee ee eee 10V to Vg 
(With Respect to Vs) 

Fixed SOD VONAGE, Ver «sseccctxeeeeaseadars een 10V to 15V 


Low Side Channel Output Voltage, VLO.............. OV to Voc 
LOGIC SUDPIY VOlIEge, Von ascanc cvsevaw eweer aan ems 4V to Voc 
Floating Supply Voltage, Vg ....... eee ee ee eee -4.0V to 500V 


(Common Terminal) 


Electrical Specifications Voc = (Vg-Vs) = Vpp = 15V, Cou = Vsg = 0, Unless Otherwise Noted 


PARAMETER 


DC CHARACTERISTICS 


Logic Input Pulldown Current, Vin = Vpp 
(HIN, LIN, SD) 


Logic Input Leakage Current, Viy = Vss5 
(HIN, LIN, SD) 


Ty = +25°C Ty = -40°C TO +125°C 
an Oe | es 


a 
CS 
fommnwvencoen fe | | 
Se 


TYP UNITS 


N 
on 


i = : 
uw} © 


170 


< 


_ 
oO 


7 


=| 
< 


_ 
pare 
or 

oni 

N 


4-11 


HALF BRIDGE 


Specifications HIP2500 


Switching Specifications 


PARAMETER 


725 


HIGH SIDE CHANNEL WITH 500V OFFSET, C, = 1000pF 


420 


High Side Turn-On Propagation Delay 
High Side Turn-Off Propagation Delay FF 
High Side Rise Time 


High Side Turn-Off Fall Time 


LOW SIDE CHANNEL, C, = 1000pF 


‘ 
z 


a 


Low Side Turn-On Propagation Delay 


Low Side Turn-Off Propagation Delay torr 370 175 475 
Low Side Turn-On Rise Time 


Low Side Turn-Off Fall Time 


Shutdown Propagation Delay 
High Side Shutdown 
Low Side Shutdown tspLo 


HIGH SIDE CHANNEL WITH 500V OFFSET, C, = 1000pF 


Turn-On Propagation Delay Matching 
(Between HO and LO) 


it 


Minimum On Output Pulse Width (HO, LO) PWouT iN) 


Mn nip Pas a LN) | Pon 
Mu tip Pas wa LN) | Prawn | _—_ 
Paine OTuoMoHOTunon | omen | | es] | | 

maine rOTenoreioTmon | eum || ={-|-.*]-]~— 


MAXIMUM TRANSIENT CONDITIONS 


=i 
> 
or 
_ 


75 
110 


Logic Truth Table 


ee 
a ee eee 
a ee eee 
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HIP2500 


Typical Performance Curves 


MAXIMUM POWER DISSIPATION (W) 


0 
-40 -30-20-10 0 10 20 30 40 50 60 70 80 90 100110120130 
AMBIENT TEMPERATURE (°C) 


FIGURE 1. MAXIMUM POWER DISSIPATION vs TEMPERATURE 


POWER DISSIPATION (W) 


10 100 1000 
SWITCHING FREQUENCY (kHz) 
NOTE: All switching losses assumed to be in IC. 


FIGURE 3. LOW VOLTAGE POWER DISSIPATION vs 
FREQUENCY 


OFFSET SUPPLY LEAKAGE 
CURRENT (A) 


— ied! Saat eee Gee Gee 
e _— ee ial eee ae ieee 
i) 
eB Peete 
100 120 140 


"ape ena (°c) 
FIGURE 5. OFFSET SUPPLY LEAKAGE vs TEMPERATURE 
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Veias = 15V SS 
CL =100pF —— 
Ta = 425°C 


BEBE 
| me lie= =e Zales 
= 


HIGH VOLTAGE POWER DISSIPATION (W) 


10 100 1000 
SWITCHING FREQUENCY (kHz) 


FIGURE 2. HIGH VOLTAGE POWER DISSIPATION vs 
SWITCHING FREQUENCY 


MAX Vsg OFFSET 


> 


~ 
HALF BRIDGE 


LOGIC SUPPLY 
OFFSET VOLTAGE (V) 
o 


e 
~ 


SUPPLY VOLTAGE (V) 


FIGURE 4. Vsg OFFSET vs Voc SUPPLY VOLTAGE 


ee, eee 

9} Ty=+25 

beds cae 

7 = 

(eae 

ee a _ 

—| | | | 

i a a a a ee 

ee a 
4 15 16 1 


2 
10 1 
snare SUPPLY VOLTAGE 
FIGURE 6. MAXIMUM NEGATIVE Vs OFFSET VOLTAGE Vs Veg 
VOLTAGE 


MAX Vs OFFSET VOLTAGE (NEGATIVE) 


7 18 


HIP2500 


Typical Performance Curves (Continued) 


a 
=2==<aNee 
> 


UNDERVOLTAGE LOCKOUT (V) 
LOGIC THRESHOLD (V) 


40 -20 0 20 40 60 80 100 120 140 
EMPERATURE (°C) LOGIC SUPPLY VOLTAGE (V) 


+ 


FIGURE 7. UNDERVOLTAGE LOCKOUT vs TEMPERATURE FIGURE 8. INPUT LOGIC THRESHOLD vs SUPPLY VOLTS 
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<x - 
ee a” 
i £& 
3 4 
2 iz 
FE 8 
3 < 
¥ Ww 
< ” 
wi fo ag 
a. SOURCE DRIVER 
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SOURCE/SINK DRAIN-SOURCE VOLTAGE TEMPERATURE (°C) 
FIGURE 11. DRIVER SINK/SOURCE V-I CHARACTERISTIC FIGURE 12. RISE AND FALL TIME vs TEMPERATURE 


HIP2500 


Typical Performance Curves (Continued) 


? z 
> 
2 < 
é a 
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z = 
2 g 
. < 
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0 
10 11 12 13 14 15 16 
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 
FIGURE 13. RISE AND FALL TIME vs SUPPLY VOLTAGE FIGURE 14. PROPAGATION DELAY vs SUPPLY VOLTAGE 


PROPAGATION DELAY (ns) 
HALF BRIDGE 


JUNCTION TEMPERATURE (°C) 
FIGURE 15. PROPAGATION DELAYS AT Vcc = 15V 


Typical Application Diagram 
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Features 


e Maximum Rating ...... 


for Upper Rail Drive 


@ Mans SP600 


» Half Bridge 500Vpc¢ Driver 


Description 


TTT Te CTT CTT rere 500V The SP600 is a smart power high voltage integrated circuit 


e Ability to Interface and Drive Standard and Current 
Sensing N-Channel Power MOSFET/IGBT Devices 


Creation and Management of a Floating Power Supply applications. 


(HVIC) optimized to drive MOS gated power devices in half- 
bridge topologies. It provides the necessary control and 
management for PWM motor drive, power supply, and UPS 


¢ Simultaneous Conduction Lockout 


e Overcurrent Protection 


Pinout 


SP600 (PDIP) 
TOP VIEW 


Single Low Current Bias Supply Operation 
¢ Latch Immune CMOS Logic 
Peak Drive in Excess of 0.5A 


FAULT 7500 Re 


Ordering Information 


PART TEMPERATURE PACKAGE 
SP600 -40°C to +85°C 22 Lead Plastic DIP 


Functional Block Diagram 


Ves 
DIU 
Vv 102 R 19 
=" sind ms GiU 
‘ 3 lont 18 i 
DD v 
. LEVEL] Torrt | GU Po 
4 SHIFT => 7 ie 


ae w 


a pL our TRIP, 


,, 


ITRIPSEL Vss 
> 
ss al 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2 428 3 
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Specifications SP600 


Absolute Maximum Ratings Full Temperature Range, All Thermal Information 
Voltage Referenced to Vgg Unless Otherwise Noted. Note 1, Note 2. 


Low Voltage Power Supply, Vajas (Note 1) .............. 18Vpc Thermal Resistance Oya 
Floating Low Voltage Boot Strap ..................0 005 18Vpc> Plastic DIP Package <i sca cesccnavesavenennes 75°C/W 
Power Supply to Phase, Vps Maximum Package Power Dissipation at T, = +85°C, Po 
Low Voltage Signal Pins Pigs OP POCKAOS os cee cdkdecwsven stan tnas comes 500mW 
Fault, ltpipseL, Vop,» TRIPL, CL1, G2L...... -0.5Vpc to Vpp +0.5 Operating Ambient Temperature Range, T,....... -25°C to +85°C 
G1L, D1L, Vp¢, TOP, BOT Storage Temperature Range, Ts............... -40°C to +150°C 
CL2, TRIPy, G1U, G2U, D1U to Phase..... -0.5ypc tO Vag +0.5 Lead Temperature (Soldering 10s) ...............0 eee +265°C 
High Voltage Pins 
P hase, Vey 1X. Se 500Vpc 
(Ves, Vout» TRIPy, CL2, G2U and D1U: OV-18V Higher Than 
Phase) 
Dynamic High Voltage Rating Phase,............. 10,000V/s 
DV pHASE/DT 
NOTES: 


1. Care must be taken in the application of Vajas as not to impose high peak dissipation demands on a relatively small metallized noise dropping resistor (Rip). 
Prolonged high peak currents may result if +15Vp¢ is applied abruptly and/or if the local bypass capacitor Cpp is large. It is suggested that Cpp be < 10MFD. 
If it is desirable to switch the 15Vp¢ source or if a Cop is larger, additional series impedance may be required. 

2. Consult factory for additional package offerings. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications (Vg,,5 = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to 
Vss Except TRIPy, CL2, G1U, D1U, and Vgs Referenced to PHASE. Dr: Vp to Vas, 
Cr: Ves to PHASE 


[paramere i svmeou [Tews [win] TWP Wax | UNTS | 
[BOCRARAGTERSTOS—OSSCSCSCSCSCSCSC“C“‘“s‘“‘“s*‘“*SS*S~*dCSC*d 
pecwaee ff ef fl 


pA 
Ip1ag Quiescent Current (All Inputs Low) IBIAS, ee : mA 
-40°C to +85°C : 


Ising Quiescent Current +25°C 
(Vout 2 Veias, and All Inputs Low) “A0°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 

+25°C 110 


el ee ee 
NI NTN TN 


lag Quiescent Current Bootstrap Supply 875 


TOP Threshold Level Vrop 


BOTTOM Threshold Level 


Current TRIPSELECT Threshold Level VTRIPSEL 


© 


< 
8 
+ 


Trip Lower and Upper Comparator Threshold Vrrip UUN 
Level - Normal (ltRIPSEL = Vss) 


_ 
N 
N 


Trip Lower and Upper Comparator Threshold 


VTRIP Up 


“one i (ItpipseL = Vop) % of Measured “40°C to +85°C ae 130 152 
Faultbar Impedance at Irgap = 1MA RF } 425°C | 500 TF 760 | 1000 | 
eer” Kee ee 
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HALF BRIDGE 


Specifications SP600 


Electrical Specifications (Vgjas = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to 
Vsg Except TRIPy, CL2, G1U, D1U, and Vgg Referenced to PHASE. Dr: Vopr to Ves, 
Ce: Vag to PHASE (Continued) 


rs oc [i a 
Upper/Lower Source Impedances (Isqyurce = 10MA) | Reo wy Ee ee ee ee 
P-4octovesrc | 7 | 7 | | 


Upper/Lower Sink impedances (Igiyx = 10mA) cr a 
Rec ea 


Bootstrap Supply Current Limiting Impedance i ee oe ee ee 
eee 


TRIPy, CL2, GiU, G2U, and D1U to Vgg. All other 


+25°C 
Pins at Vss) 


Noise Clamping Zeners; CL2 and CL1 (lz = 50mA) |Vowan-nich | #25°C | 70 


as [80 
aie A cs ee 


[Srene | 74 | oe | ee 


NOTE: Maximum Steady State + 15Vp¢ Supply Current = Ipias, + Ias 


High Voltage Leakage (500V Vgs, Vout, PHASE, 


|< 


< 


Hi < 


Switching Specifications (All Referenced to Vsg, Except: TRIPy, Cl2, G1U, G2U, and D1U Referenced to PHASE. 
Dr: Vor to Ves; Cr: Ves to PHASE) 


[—___eannaneren Teresa [ven [ase aa 


meee eee epee 
ae | oe ee 
paecwase | ses [8 | aes fe 

Fett ee eee ee 
Delay Time of Phase Out of Status to Faultbar tosvr | 425°C | 500 | 700, | = 900 fs 
[ree sae°S [400 [700 | soe |e 
Minimum Logic Input Pulse Width: TOP and | 425°C {800 |S 480 {600s 
sormuneitewenee | eee ae ee 
bee eee 
pwewee [1s [2a [oe | | 

ios fake oe ee 
parcwsae [0s [ asf as |__| 

Turn On Delay Time of G1U (BISTATE MODE) tony ee ee ee ee eee 
ee ee ete ce 
Turn On Delay Time of G1L (BISTATE MODE) tyny | 425°C | 25 | 32 | 45 | us | 
Lealeldiieieiieiieeneall ad cs ec cn = 


BBB E15 


b 


BLS 


b|S 


BS 


& 
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Specifications SP600 


Switching Specifications (All Referenced to Vsg, Except: TRIPy, Cl2, GiU, G2U, and D1U Referenced to PHASE. 
De: Vpr to Ves, Cr: Vag to PHASE) (Continued) 


Pp PARAMETER | SYMBOL | TEMP | MIN, | typ | MAX | oUUNTTS 
mecsaremcoy | MO Pe 
THREES TATE MORE) | torctovsscc | 060 [it | 175 | os 
cmecsatencoy | MO Le 
laced | Horctosasrc | oso | it | 75 | bs 

Sc 
or | 4c | 8] 25 | 85s 
ounce aie cena p4octoresc | 12 | 26 | 4 | ls 
Fault Reset Delay to Clear Faultbar lez ee ee ee ee 

sete [are [ae [9a 
a OC 
acne | Horctosascc | 15 | 50] 15 | ins 
ae i ee 
cues | 4orctovesc | 1s | 0] 5 | 


Recommended Operating Conditions and Functional Pin Description (Ali Voltages Referenced to Vsg, Unless 


Otherwise Noted. See Figure 1) 
CONDITION 
Open Drain Fault Indicator Output 
14.5V to 16.5V with 15V nominal, = 1.5mA DC BIAS Current 
Floating Reference Point for High Side Control Circuitry: Vag, TRIPy, CL2, G1U, G2U and D1U 


BBLS BlE lB B]& 


af 
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HALF BRIDGE 


Timing Diagram 


TOP 


BOT 


REFRESH 
ONE SHOT 


lonB 


VALID BOTon 


lorrT 


lonT 


lorrB 


UPPER 


LOWER 


Vout 


oer oro owrwoto aA owro tO C0 = 


SP600 


THREE-STATE MODE SLOWER THAN REFRESH ONE SHOT TIMER 


NOTE: BOT switching not relevant. 


TOP 


BOT 


REFRESH 
ONE SHOT 


lonB 


VALID BOTon 


lorrT 


lonT 


lorrB 


UPPER 


LOWER 


Vout 


oOozatrtowrto-wAo-wWwc$cewrtro-wontoxrtcoo — 


BISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER 


Typical Circuit Configuration = ~~ ~~ ~~ 


TRUTH TABLE 
Applicable to Typical Circuit Configuration (Figure 1) 


INPUTS 


OUTPUTS 


NOTE: 0 = False, 1 = True, X = Don’t Care 
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SP600 


25Voc Ss Vunk S 500Vpce 


DIU GiU G2U TRIPy 


BOT 
Vout 
ssoaud VVVVacnce 
TOP LOAD 


FAULT 


SYSTEM CONTROL 


ITRIPSELECT 


Veias Yoo 


Application Specific Upper Gate Charging Resistor 
Upper Gate Discharge Resistor 
Upper Current Pilot Resistor 


NOTE: Refer to ‘Additional Product Offerings’ for information concerning power output devices. 
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HALF BRIDGE 


SP600 


Functional Description 


The SP600 provides a flexible, digitally controlled power 
function which is intended to be used as PWM drivers of 
N-Channel MOSFETs and/or IGBTs for up to 240VAC line 
rectified totem-pole applications. The CMOS driveable 
inputs are filtered and captured by the control logic to deter- 
mine the output state. The logic includes fixed timing to pro- 
hibit simultaneous conduction of the external power switches 
and, thru the Voyr sense detector, verifies the output voltage 
state is in agreement with the controlled inputs. The >11Vpc 
floating power supply required to drive the upper rail external 
power device is created and managed by the HVIC through 
Cr and De. This capacitor is refreshed from the Vpp supply 
each time Voyr goes low. If the upper channel is com- 
manded on for a long period of time, the bootstrap capacitor 
CF is automatically refreshed by bringing Voyrz low. This is 
accomplished by turning off the upper rail MOSFET/IGBT, 
momentarily turning on the lower rail output device, followed 
by returning control back to the upper switch. Otherwise, Cr 
would gradually deplete its charge allowing the upper switch 
to come out of saturation. The upper and lower gate drivers 
allow for controlled charge and discharge rates as well as 
facilitate the use of nearly lossless current sensing power 
MOS devices. The over current trip level can be boosted 
30% on a pulse by pulse basis by logic level ‘1’ applied to 
ItRIPSELEcT- A FAULT output signal is generated when any 
of the following occurs: 


V bias is low 
Over current is detected 
V phase doesn’t agree with the input signal 


Reset of FAULT is provided by externally removing power or 
by holding both TOP and BOT inputs low for the required 
reset time (trty,x). 


Each application can be individually optimized by the selec- 
tion of external components tailored to ensure proper overall 
system operation including: 


Determining the ratings and sizing of MOSFETs and IGBTs, 
mixed or matched, as well as flyback diodes (FBD). 


The selection of separate gate charge (Rc) and discharge 
(Rp) impedance chosen per the load capacitance, frequency 
of operation, and D/Dy dependent recovery characteristics 
of the associated FBDs. Rp should also be sized to prevent 
simultaneous bridge conduction by ensuring gate discharge 
in the allotted turn off pulse width (torr min)- 


The selection of over current detection resistors (Rp), com- 
patible with current sense MOSFETs/IGBTs or shunt(s) may 
be used. 


For the floating bootstrap supply De and Cr must be deter- 
mined. De must support the worse case system bus voltage 
and handle the charging currents of Ce. Proper selection 
should take into consideration Tar and Ter per the desired 
operating frequency. Proper selection of Cr is a trade off 
between the minimum toy time of the lower rail to charge up 
the capacitor, the amount of charge transfer required by the 
load, and cost. Due to automatic refresh the capacitor is 
replenished every 350s TYP (or even sooner if input com- 
mands the TOP to switch at a faster repetition rate). 


The local filter capacitor (Cpp) should be sized sufficiently 
large enough to transfer the charge to Cr without causing a 
significant droop in Vpp. As a rule of thumb it should be at 
least 10 times larger than Cr and be located adjacent to the 
Vpp and Vss pins to minimize series resistance and 
inductance. 


Refer to Application Note AN8829 for more details about module operation and selection of external components. 
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HARRIS SP601 


April 1994 Half Bridge 500Vpc¢ Driver 


Features Description 


e Maximum Rating The SP601 is a smart power high voltage integrated circuit 
© Abllity to Interface and Drive Standard and Current (HVIC) optimized to drive MOS gated power devices in half- 


bridge topologies. It provides the necessary control and 
Sensing N-Channel Power MOSFET/GBT Devices management for PWM motor drive, power supply, and UPS 


Creation and Management of a Floating Power Supply applications. 
for Upper Rail Drive 


Simultaneous Conduction Lockout 


Overcurrent Protection Ordering Information 


Single Low Current Bias Supply Operation +AU PEHATORE 
Latch Immune CMOS Logic PART RANGE 


Peak Drive in Excess of 0.5A | SPEOt -40°C to +85°C 22 Lead Plastic DIP 


Pinout Functional Block Diagram 


SP601 (PDIP) 
TOP VIEW 


HALF BRIDGE 


Veias =: 102 Rp 


ENABLE 


2 Le 
S| 
bk 
FAULT 750Q Re 
72 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2429.4 
Copyright © Harris Corporation 1994 4-23 


Specifications SP601 


Absolute Maximum Ratings Full Temperature Range, All 
Voltage Referenced to Vsg Uniess Otherwise Noted. Note 1, Note 2. 


Low Voltage Power Supply, Vajas (Note 1) .............. 18Vp¢ 

Floating Low Voltage Boot Strap ..............e ee eens 18Vp¢ 
Power Supply to Phase, Vas 

Low Voltage Signal Pins 


Fault, ITRIPSEL» Vop> TRIP, CL1 ‘ c/o -0.5Voc to Voo +0.5 
GiL, D1L, Vpg, TOP, BOT 
CL2, TRIPy, G1U, G2U, D1U to Phase..... -0.5ypc to Vas+0.5 


High Voltage Pins 
Phase, VPHASE PSR EDS CERT HUMEDDHER CER HOS COANE 500Vpc 
(Ves, Vout, TRIPy, CL2, G2U and D1U: OV-18V Higher Than 
Phase) 
Dynamic High Voltage Rating Phase,............. 10,000V/s 
DVpHASE/DT 
NOTES: 


Thermal Information 


Thermal Resistance, Junction-to-Ambient Bya 
Plastic DIP Package ......... cc cee cecceeoes 75°C/W 
Maximum Package Power Dissipation at T, = +85°C, Po 
Plastic DIP PAGKAOG cio c ck csccsessaseencnsence vases 500mW 
Operating Ambient Temperature Range, T,....... -25°C to +85°C 
Storage Temperature Range, Ts............... -40°C to +150°C 
Lead Temperature (Soldering 10s) .............00ee eee +265°C 


1. Care must be taken in the application of Vajas as not to impose high peak dissipation demands on a relatively small metallized noise dropping resistor (Ryyp). 
Prolonged high peak currents may result if +15Vp¢ is applied abruptly and/or if the local bypass capacitor Cop is large. Itis suggested that Cop be s 10MFD. 
If it is desirable to switch the 15Vpc¢ source or if a Cop is larger, additional series impedance may be required. 


2. Consult factory for additional package offerings. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications (Vp,5 = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to Vsg Except 
TRIPy, CL2, G1U, D1U, and Vag Referenced to PHASE. Dr: Vpr to Vas, Cr: Vas to PHASE 


[____Paraweven =< Svw@OL]vewe | WN] TWP _| WAX | UNITS. 
[BOGRARAGTERSTIOS SSCS 


DC CHARACTERISTICS 
Input Current (5V < Vrop: Veor, VTRIPSEL < 15V) 


Is14g Quiescent Current (All Inputs Low) 


eal 
Under Voltage Lockout Thresholds (Vpp and Vas) 


Ipiag Quiescent Current 
(Vout 2 Vaeias, and All Inputs Low) 


lgg Quiescent Current Bootstrap Supply 


Trip Lower and Upper Comparator Threshold 
Level - Normal (Itpipser = Vss) 


Trip Lower and Upper Comparator Threshold 
Level - Boost (Irpipse = Vpp) % of Measured 
VIRIP LUN 


Faultbar Impedance at Irgaq = 1MA 


a 
[ero mT 
[aciovars [= [a [a [a 

; mA 


+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 
+25°C 
-40°C to +85°C 


at fk fl OK Glee 
NENT NTN 


plete 


+25°C 
-40°C to +85°C 

+25°C 
-40°C to +85°C 

+25°C 
-40°C to +85°C 


4.7 


N 
for) 
So 


— 
ace 
meee 
— 
— 
cm 
< 
< 
< 
— 
—s 
— 
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= 
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Specifications SP601 


Electrical Specifications (Vg),s5 = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to Vsg Except 
TRIPy, CL2, G1iU, D1U, and Veg Referenced to PHASE. Dr: Vp¢ to Vgs, Cr: Vgg to PHASE (Continued) 


ra [re ne 
Upper/Lower Source Impedances (Isource = 10MA) Aso.uy ee ee 
ee 


Upper/Lower Sink Impedances (Isiyx = 10MA) Rsi vu er ee ee 
oe ee 


Bootstrap Supply Current Limiting Impedance ee ee ee ee oe 
[ orcowerc [ia [as [56 | a 
Noise Dropping Resistor Impedance ’ ese ep pee 


TRIPy, CL2, G1U, G2U, and D1U to Vgg. 


+25°C 
All other Pins at Vg) 


Miller Clamp Diodes; D1U and D1L (Ip = 10mA) 


Noise Clamping Zeners; CL2 and CL1 (lz = 10mA) Vet2/1-LOW BT 
eee 7 Be | bal | ae | 
acne tea ODAC 


eee | be eet 


sions | 34 | Se | Se fe 
NOTE: Maximum Steady State + 15Vpc¢ Supply Current = Ipias, + !as 


High Voltage Leakage (500V Vgs, Vout, PHASE, 


< 


< 


<|< 


Switching Specifications (All Referenced to Vsg, Except: TRIPy, Cl2, G1U, G2U, and D1U Referenced to PHASE. 
Dg: Vp to Ves, Ce: Vag to PHASE) 


____Panaweren sy evmeot [vee [ww | We | WAX | NTS | 


[row 0e%o [10 [eso | Os 


G2U/G2L Low (50% Overdrive 


Delay Time of Trip | Voltage (Itpips_e, low) to ee ee ee ee 
[aocewse |i [3 | 
Delay Time of Phase Out of Status to Faultbar tosvr ) asec = {500 {| = 700 S| = 900s | rs 
a 
Minimum Logic Input Pulse Width: TOP and | sc | 300 | 480 | 600 | ns 
pera" pee ee 
EN Ns eae en ae 
Minimum Pulsed Off Time, G2U/G2L foe a ee ee ee eee 
a es 
nel tnt =e ee 
paecwwase [2 [3a | a2 
Turn On Delay Time of GiL (BISTATE MODE) tony ca ee 
—” Paes [at fas [se fms 


b 


aR 


aR 


an 


& 
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Specifications SP601 


Switching Specifications (All Referenced to Vsg, Except: TRIPy, Cl2, G1U, G2U, and D1U Referenced to PHASE. 
De: Vor to Vas, Cr: Vag to PHASE) (Continued) 


[PARAMETER Svweor | rewe [wn | WP | wax | UNITS 


Turn On Delay Time of G1U ———— 
i iaidadchtae ess | | ee 
Turn On Delay Time of G1L EEE 
(THREE-STATE MODE) ees | ee | ee | 


sere ase [oe [| ss 


a 
[wee [ae [ee | 74 | 
(aia it a 2 a oe 


Re ee ee oe 
ee a 
aiceseiiaiaid eee | S| | 


Recommended Operating Conditions and Functional Pin Description (All Voltages Referenced to Vsg, Unless 
Otherwise Noted. See Figure 1) 


14.5V to 16.5V with 15V nominal, = 1.5mA DC BIAS Current 

100mV Signal to Shut Off LOWER Drive and Trigger a Fault Output 

Ves 
CL2 


b 


BISLS/E/E EG /E/ 515 


[Yes | Beistap Sip, Neat ide Crop Suow Vo Vota wih Feapato he Fina PHASE Faroe 
Floating Reference Point for High Side Control Circuitry: Vag, TRIPy, CL2, G1U, G2U and D1U 
a 
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Timing Diagram 


ENABLE 


UP/DOWN 


REFRESH 
ONE SHOT 


lonB 


VALID BOTon 


lorrT 


lonT 


lorrB 


UPPER 


LOWER 


Vout 


SP601 


Oo=-nto wrt or ow otro" 0+ 0+ 0—4 


o ~o # GO OF" OH" 90" Oo - Oo + oO + S& 


THREE-STATE MODE SLOWER THAN REFRESH ONE SHOT TIMER 


NOTE: BOT switching not relevant. 


Typical Circuit Configuration 


OO 


Applicable to Typical Circuit Configuration (Figure 1) 


INPUTS 


NOTE: 0 = False, 1 = True, X = Don’t Care 


ENABLE 


UP/DOWN 


REFRESH 
ONE SHOT 


lon8 


VALID BOTon 


lorrT 


lonT 


lorrB 


UPPER 


LOWER 


Vout 


BISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER 


TRUTH TABLE 
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_ 


OUTPUTS 


HALF BRIDGE 


SP601 


25Voc S Vink S 500Vpc 


D1U G1U G2U TRIPy 


© Vout 


aennd VVV acca 


TOP LOAD 


FAULT 


SYSTEM CONTROL 


ITRIPSELECT 


Veias Vpp 


FIGURE 1. TYPICAL CIRCUIT CONFIGURATION 


LEGEND 


NOTE: Refer to ‘Additional Product Offerings’ for information concerning power output devices. 
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SP601 


Functional Description 


The SP601 provides a flexible, digitally controlled power 
function which is intended to be used as PWM drivers of 
N-Channel MOSFETs and/or IGBTs for up to 240VAC line 
rectified totem-pole applications. The CMOS driveable 
inputs are filtered and captured by the control logic to deter- 
mine the output state. The logic includes fixed timing to pro- 
hibit simultaneous conduction of the external power switches 
and, thru the Voyr sense detector, verifies the output voltage 
state is in agreement with the controlled inputs. The > 11Vpc 
floating power supply required to drive the upper rail external 
power device is created and managed by the HVIC through 
Cr and De This capacitor is refreshed from the Vpp supply 
each time Voyr goes low. If the upper channel is com- 
manded on for a long period of time, the bootstrap capacitor 
Cr is automatically refreshed by bringing Voyr low. This is 
accomplished by turning off the upper rail MOSFET/IGBT, 
momentarily turning on the lower rail output device, followed 
by returning control back to the upper switch. Otherwise, Cr 
would gradually deplete its charge allowing the upper switch 
to come out of saturation. The upper and lower gate drivers 
allow for controlled charge and discharge rates as well as 
facilitate the use of nearly lossless current sensing power 
MOS devices. The over current trip level can be boosted 
30% on a pulse by pulse basis by logic level ‘1’ applied to 
ItRipseLEcT- A FAULT output signal is generated when any 
of the following occurs: 


V bias is low 
Over current is detected 
V phase doesn't agree with the input signal 


Reset of FAULT is provided by externally removing power or 
by holding the ENABLE input low for the required reset time 
(trax): 


Each application can be individually optimized by the selec- 
tion of external components tailored to ensure proper overall 
system operation including: 


Determining the ratings and sizing of MOSFETs and IGBTs, 
mixed or matched, as well as flyback diodes (FBD). 


The selection of separate gate charge (Rc) and discharge 
(Rp) impedance chosen per the load capacitance, frequency 
of operation, and D,/D; dependent recovery characteristics 
of the associated FBDs. Rp should also be sized to prevent 
simultaneous bridge conduction by ensuring gate discharge 
in the allotted turn off pulse width (tore min)- 


The selection of over current detection resistors (Rp), com- 
patible with current sense MOSFETs/IGBTs or shunt(s) may 
be used. 


For the floating bootstrap supply De and Ce must be deter- 
mined. De must support the worse case system bus voltage 
and handle the charging currents of Ce. Proper selection 
should take into consideration Tar and Tre, per the desired 
operating frequency. Proper selection of Cr is a trade off 
between the minimum toy time of the lower rail to charge up 
the capacitor, the amount of charge transfer required by the 
load, and cost. Due to automatic refresh the capacitor is 
replenished every 350s TYP (or even sooner if the UP/DN 
input switches at a faster repetition rate). 


The local filter capacitor (Cpp) should be sized sufficiently 
large enough to transfer the charge to Cr without causing a 
significant droop in Vop. As a rule of thumb it should be at 
least 10 times larger than Ce and be located adjacent to the 
Vpp and Vssg pins to minimize series resistance and 
inductance. 


Refer to Application Note AN8829 for more details about module operation and selection of external components. 
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AC TO DC CONVERTER SELECTION GUIDE 

AC TO DC CONVERTER DATA SHEETS 
CA3059, CA3079 Zero-Voltage Switches for 50Hz-60Hz and 400Hz Thyristor Control Applications ...... 
HV-2405E World-Wide Single Chip Power Supply........ 0.0... ce cece eee eee eee eens 


*er ee eee eeeeseeeeeseeeeeeeeseeeseeesee eee eee eee ee ee ee we ee ew 
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AC TO DC 
CONVERTERS 


AC to DC Converter Selection Guide 


AC INPUT 
VOLTAGE AT 
50-60Hz AND 
400Hz (VAC) 


MAX 
DC SUPPLY 
VOLTAGE 


MAX 
OUTPUT 
CURRENT 


SENSOR 
RANGE 


DEVICE DESCRIPTION FEATURES 


| CA3059 Zero Voltage Switch 24V Contains, Power Supply Zero 
AC Power Control 120V Crossing Detector, External 
CA3079 System on a Chip 208/230V Sensor Comparator and Triac 


277V Driver. (Inhibit and Protection 


Circuits on CA3059 only) 
HV-2405E World Wide Single 15V to 275V Output UL Recognized E130808 
Chip Power Supply 5V to 24V 


NOTE: 


1. Electrical Characteristics at Ty, = +25°C, 14 Lead Dual-in-Line (E) Package 
Operating Temperature Range (Tg) -55°C to +125°C. 


INPUT OUTPUT MAXIMUM 
VOLTAGE | VOLTAGE OUTPUT BIAS 
DEVICE DESCRIPTION RANGE RANGE CURRENT CURRENT TEMPERATURE RANGE 
HIP5600 High Voltage 50V to 400V 1.2V to 35mA 600A -40°C to +100°C 
Linear Regulator 350V Thermal Protection at 134°C 
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@ HARRIS CA3059, CA3079 


PRELIMINARY Zero-Voltage Switches for 50Hz-60Hz and 
April 1994 400Hz Thyristor Control Applications 


Features 


Relay Control 

Valve Control 

Synchronous Switching of Flashing Lights 
On-Off Motor Switching 


Differential Comparator with Self-Contained Power 
Supply for Industrial Applications 


Photosensitive Control 
Power One-Shot Control 
Heater Control 

Lamp Control 


Type Features CA3059 CA3079 


24V, 120V, 208/230V, 277V at 50/60.... X Xx 
or 400Hz Operation 


Differential Input X 
Low Balance Input Current (Max) - pA... 2 


Built-In Protection Circuit for xX 
Opened or Shorted Sensor (Term 14) 


Sensor Range (Rx) - kQ 2-100 2-50 
DC Mode (Term 12) 

External Trigger (Term 6) 

External Inhibit (Term 1) 

DC Supply Volts (Max) 

Operating Temperature Range (°C)... -55 to +125 


Ordering Information 


PART NUMBER TEMPERATURE PACKAGE 


CA3059 -55°C to +125°C 14 Lead Plastic DIP 
CA3079 -55°C to+125°C | 14 Lead Plastic DIP 


Pinouts 
CA3059 (PDIP) 
TOP VIEW 
INHIBIT [7] 7a] FAIL-SAFE 

DC SUPPLY [7] 73] SENSE AMP IN 
HIGH CURRENT 
NEG. TRIGGER Pelee OHEHEILE: 

TRIGGER OUT [7 7] R DRIVER (COM) 
0] R DRIVER V* 


TRIGGER IN | 6| | 9] SENSE AMP REF 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 490.3 
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Description 


The CA3059 and CA3079 zero-voltage switches are mono- 
lithic silicon integrated circuits designed to control a thyristor 
in a variety of AC power switching applications for AC input 
voltages of 24V, 120V, 208/230V, and 277V at 50Hz-60Hz 
and 400Hz. Each of the zero-voltage switches incorporates 
4 functional blocks (see the Functional Block Diagram) as 
follows: 


1. Limiter-Power Supply - Permits operation directly from an 
AC line. 


. Differential On/Off Sensing Amplifier - Tests the condition 
of external sensors or command signals. Hysteresis or 
proportional-control capability may easily be implement- 
ed in this section. 


. Zero-Crossing Detector - Synchronizes the output pulses 
of the circuit at the time when the AC cycle is at zero volt- 
age point; thereby eliminating radio-frequency interfer- 
ence (RFI) when used with resistive loads. 


. Triac Gating Circuit - Provides high-current pulses to the 
gate of the power controlling thyristor. 


In addition, the CA3059 provides the following important 
auxiliary functions (see the Functional Block Diagram). 


1. Abuilt-in protection circuit that may be actuated to remove 
drive from the triac if the sensor opens or shorts. 


. Thyristor firing may be inhibited through the action of an 
internal diode gate connected to Terminal 1. 


. High-power dc comparator operation is provided by over- 
riding the action of the zero-crossing detector. This is ac- 
complished by connecting Terminal 12 to Terminal 7. 
Gate current to the thyristor is continuous when Terminal 
13 is positive with respect to Terminal 9. 


The CA3059 and CA3079 are supplied in 14 lead dual-in- 
line plastic packages. 


CA3079 (PDIP) 
TOP VIEW 
DO NOT USE | 1| 14; DO NOT USE 
DC SUPPLY | 2| 13] SENSE AMP IN 

HIGH CURRENT 

NEG. TRIGGER a A alte ie 
TRIGGER OUT | 4| 11] R DRIVER (COM) 

10] R DRIVER V* 


DO NOT USE [6 [9] SENSE AMP REF 
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CA3059, CA3079 


Functional Block Diagram 


eect eeceeseeesj-eeeaesneBeeeeeeeeBBeeeeeeeeeseeseeneeesneeneaeca 


EXTERNAL 
INHIBIT 
AC INPUT @ 
VOLTAGE 


NOTE: Circuitry within shaded areas, not included in CA3079 


@ See chart 
A IC = Internal connection - DO NOT USE (Terminal restriction applies only to CA3079) 


FOR DC MODE Rp R 
OR 400Hz Cc SENSOR 
ic4 (2) OPERATION F 
. too, = 
R BS fy 
: Ss Be au (2) U3 <== COMMON 
AC . 
LINE 
INPUT N 
\ 
\ 
‘ 
‘ 
‘ 
‘ 
‘ 
\ 
‘ 
(3) 
‘FOR 
\ INCREASED 
\ GATE DRIVE 
‘ 
‘ 
‘ 
\ 
\ 
‘ 
‘ 
4) 
af ; 
FAIL-SAFE INPUT (4 ic A (7) ba as 
All resistance values are in Q TO INHIBIT FOR 
NOTE: Circuitry within shaded areas COMMON INPUT EXTERNAL 


TRIGGER 


not included in CA3079 
A IC = Internal connection - DO NOT USE (Terminal restriction applies only to CA3079) 


FIGURE 1. SCHEMATIC DIAGRAM OF CA3059 AND CA3079 
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Specifications CA3059, CA3079 


Absolute Maximum Ratings T, = +25°C 


Thermal Information 


DC Supply Voltage (Between Terminals 2 & 7) Thermal Resistance Oya 
ia dus sates s beds bees enewe reese etGeuse 14V POP PaetaGG ..dctvevecanaeccaucnnvesews sees 100°C/W 
BO: ee ee ee ee ee eT eee 10V Power Dissipation 

DC Supply Voltage (Between Terminals 2 & 8) Up to Ty = +55°C CA3059, CAS079 ........... ee eee 950mW 
i) 1 ee ee ee re ree a 14V Above T, = +55°C CA3059, CA3079 . .Derate Linearly 10mW/C 
RT ie te de sawe bss weeded sGnseseevabadeaewenas 10V Ambient Temperature 

Peak Supply Current (Terminals 5 & 7) ...............0005 +50mA RING: nce eae eke anus dare ndii eee eae es -55°C to +125°C 

Output Pulse Current (Terminal 4) ..............00 ee eee 150mA BIOMGS sc evk ee c08 ayes 08s BHEe ES Zee eees -65°C to +150°C 

Lead Temperature (During Soldering).................. +265°C 


At distance 1/16” + 1/32” (1.59 + 0.79) from case 
for 10 seconds max 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 1, = +25°C, For all Types, Unless Otherwise Specified. All voltages are measured with respect to 
Terminal 7. For Operating at 120Vpys, 50-60Hz (AC Line Voltage) (Note 1) 


[__Parawerens | svmaot [Test Conommions [win | TW | WAX [UNITS 
mem areeremnrnnrsrrerrear ye 


DC SUPPLY VOLTAGE (Figure 2A, 2B, 2C) 
A HO 


Gate Trigger Current (Figures 3, 4A) lot Terminals 3 and 2 ————E mA 
Terminal 4 | Ver = 1V 


PEAK OUTPUT CURRENT (PULSED) (Figures 4, 5) 


Terminal 3 open, Gate Trigger mA 
a Voltage (Vez) = 0 
Terminals 3 and 2 Connected, Gate 
Trigger Voltage (Vg) = 0 
Terminal 3 open, V+ = 12V, Vez = 0 | - | 170 | - | mA | 


Terminals 3 and 2 Connected, mA 
V+=12V, Ver =0 


Inhibit Mode 


Pulse Mode 


With Internal Power Supply 
Figure 4a, 4b 


AC TO DC 
CONVERTERS 


With External Power Supply lom 
Figure 5a, 5b, 5c Terminal 4 


Inhibit Input Ratio (Figure 6) Voltage Ratio of Terminals 9 to 2 | 0.465 | 0.485 /0.520] - | 


TOTAL GATE PULSE DURATION (Note 2) (Figure 7A, 7B, 7C, 7D) 


a 
eereORere= Pe 
a 

ee 


PULSE DURATION AFTER ZERO CROSSING (50-60Hz) (Figure 7A) 


Can =O Fen T= TT 
FForNegatve awe Yt ce ee 
OUTPUT LEAKAGE CURRENT (Figure 8) 

fenbamore Sd 


INPUT BIAS CURRENT (Figure 9) 
ees EE EF 2 
RN Be ES ee 
i V 


Specifications CA3059, CA3079 


Electrical Specifications 1, = +25°C, For all Types, Unless Otherwise Specified. All voltages are measured with respect to 
Terminal 7. For Operating at 120Vays, 50-60Hz (AC Line Voltage) (Note 1) (Continued) 


[PARAMETERS ‘| SvMBOL[ __TESTCONDMONS | MIN | TYP | WAX [UNITS 


SENSITIVITY (Note 3) (Figures 4(a), 11) 


SENSTMTY Row D Fauna SOS 
frusewode «da [minal t@opem 


NOTES: 


1. The values given in the Electrical Characteristics Chart at 120V also apply for operation at input voltages of 208/230V, and 277V, except 
for Pulse Duration. However, the series resistor (Rg) must have the indicated value, shown in the chart in the Functional Block Diagram, 
for the specified input voltage. 


2. Pulse Duration in 50Hz applications is approximately 15% longer than shown in Figure 7(b). 
3. Required voltage change at Terminal 13 to either turn OFF the triac when ON or turn ON the triac when OFF. 


Maximum Voltage Ratings T, = +25°C 


MAXIMUM 
CURRENT 
MAXIMUM VOLTAGE RATINGS Ty, = +25°C RATINGS 


NOTES 
TERM. ee ia ~~ NOTE 3 7: lout 
NO. 12 mA 

te atc et Dl 
es Note 4 
a EF ne ue be a a tA a 
-14 -14 

is ee ee ee eee ee 


: 


a 
TEE 


Ps 
ae 
© 


4 10 |Note 4] Note 4| Note 4] Note 4 0.1 
0 
Note 4] Note 4] Note 4 


Note 4 Note 4 
Note 4| Note 4 
ote 


=r 


This chart gives the range of voltages which can be applied to the terminals listed horizontally with respect to the terminals listed vertically. 
For example, the voltage range of horizontal Terminal 6 to vertical Terminal 4 is 2V to -10V. 
NOTES: 
1. Resistance should be inserted between Terminal 5 and external supply or line voltage for limiting current into Terminal 5 to less than 
50mA. 
2. Resistance should be inserted between Terminal 14 and external supply for limiting current into Terminal 14 to less than 2mA. 
3. For the CA3079 indicated terminal is internally connected and, therefore, should not be used. 
4. Voltages are not normally applied between these terminals; however, voltages appearing between these terminals are safe, if the spec- 
ified voltage limits between all other terminals are not exceeded. 
5. For CA3079 (OV to -10V). 
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CA3059, CA3079 


PULSE 4.6K 


0.3K 


INHIBIT 
4.6K 


Vs 


EXTERNAL 
LOAD 
CURRENT 


ALL RESISTANCE 

VALUES ARE IN Q 

FIGURE 2A. DC SUPPLY VOLTAGE TEST CIRCUIT FOR CA3059 
AND CA3079 


| 
SSR eneees g = 5kQ 


(INHIBIT 
MODE) 


120VRMS, 50/60Hz OPERATION 
Ta = 425°C 
— _—_ " 
2 


(INHIBIT 
MODE) 


INTERNAL DC SUPPLY (V) 


0 1 2 3 4 5 6 7 8 
EXTERNAL LOAD CURRENT (mA) 


FIGURE 2C. DC SUPPLY VOLTAGE vs EXTERNAL LOAD 
CURRENT FOR CA3059 AND CA3079 


CA3059 
CA3079 OSCILLOSCOPE 
lo WITH 
HIGH GAIN 


OR 


FIGURE 4A. PEAK OUTPUT (PULSED) AND GATE TRIGGER 
CURRENT WITH INTERNAL POWER SUPPLY 
TEST CIRCUIT FOR CA3059 AND CA3079 


INTERNAL DC SUPPLY (V) 


FIGURE 2B. DC SUPPLY VOLTAGE vs AMBIENT TEMPERA- 


GATE TRIGGER CURRENT (mA) 


120VRMS, 50/60Hz OPERATION 
INPUT RESISTANCE (Rg) = 10kQ 


NO EXTERNAL LOAD 


AMBIENT TEMPERATURE (°C) 


TURE FOR CA3059 AND CA3079 


120VRMS, 50/60Hz OPERATION 


130 
120 
110 
100 
90 
80 
70 
60 
50 
40 


TERMINALS 2 AND 3 
CONNECTED 


Ta= +25°C 
ee eee 
isl 
es, 
Leanna 
 ..~ 
i. SE 
ee is. 
a S.. 
ae 
ee! 


GATE TRIGGER (V) 


FIGURE 3. GATE TRIGGER CURRENT vs GATE TRIGGER 


PEAK OUTPUT CURRENT, PULSED (mA) 


FIGURE 4B. PEAK OUTPUT CURRENT (PULSED) vs AMBIENT 


VOLTAGE FOR CA3059 AND CA3079 


120VRMS, 50/60Hz OPERATION 
GATE TRIGGER, Vaz = 0 (V) 


TERMINALS 2 AND 3 
CONNECTED 


| | | | eA 
100 | 
er 
75 a 
tp ee 
50 
“75 -50 -25 O 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) 


TEMPERATURE FOR CA3059 AND CA3079 


AC TO DC 
CONVERTERS 


CA3059, CA3079 


120VRMS 
60Hz 


ALL RESISTANCE VALUES ARE IN 2 


FIGURE 5A. PEAK OUTPUT CURRENT (PULSED) WITH EXTER- 
NAL POWER SUPPLY TEST CIRCUIT FOR CA3059 


250 


EXTERNAL 
SUPPLY 
V+=13V 


200 


150 


PEAK OUTPUT, PULSED (mA) 


100 


50 


120VRMS, 50/60Hz OPERATION 
GATE TRIGGER VOLTS (Ven = 0 


ams TERMINALS 2 AND 3 CONNECTED 
ea2222, TERMINAL 3 OPEN 


0 -20 10 40 70 +100 130 
AMBIENT TEMPERATURE (°C) 


FIGURE 5C. PEAK OUTPUT CURRENT (PULSED) vs AMBIENT 
TEMPERATURE FOR CA3059 


120VRMS, 50/60Hz OPERATION 
GATE TRIGGER, VGT = 0 (V) 


TERMINALS 2 AND 3 
CONNECTED 


TERMINAL 3 OPEN 


PEAK OUTPUT, PULSED (mA) 


EXTERNAL POWER SUPPLY, V+ (V) 


FIGURE 5B. PEAK OUTPUT CURRENT (PULSED) vs EXTER- 
NAL POWER SUPPLY VOLTAGE FOR CA3059 


120VRMS 
60Hz 


CA3059 


ALL RESISTANCE 
VALUES INQ 


FIGURE 6(A). INPUT INHIBIT VOLTAGE RATIO TEST CIRCUIT 
FOR CA3059 AND CA3079 


INPUT INHIBIT VOLTAGE RATIO, Vo/V> 


-50 -25 0 25 50 75 


100 125 
AMBIENT TEMPERATURE (°C) 


FIGURE 6B. INPUT INHIBIT VOLTAGE RATIO vs AMBIENT TEN- 
PERATURE FOR CA3059 AND CA3079 


CA3059, CA3079 


TOTAL GATE PULSE DURATION (us) 


0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 


NOTE: Circuitry within shaded area not included in CA3079. EXTERNAL CAPACITANCE (uF) 
All resistance values are in Q 
FIGURE 7A. GATE PULSE DURATION TEST CIRCUIT WITH FIGURE 7B. TOTAL GATE PULSE DURATION vs EXTERNAL 
ASSOCIATED WAVEFORM FOR CA3059 AND CAPACITANCE FOR CA3059 AND CA3079 
CA3079 


120VRMS, 50/60Hz OPERATION 
Ta = +25°C 


AC TO DC 
CONVERTERS 


PULSE DURATION AFTER 
ZERO CROSSING (js) 
TOTAL GATE PULSE DURATION (us) 


0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 10 100 
EXTERNAL CAPACITANCE (:F) EXTERNAL RESISTANCE (kQ) 
FIGURE 7C. PULSE DURATION AFTER ZERO CROSSING vs FIGURE 7D. TOTAL GATE PULSE DURATION vs EXTERNAL 
EXTERNAL CAPACITANCE FOR CA3059 AND RESISTANCE FOR CA3059 
CA3079 
FIGURE 7. 


120VRMS, 50/60Hz OPERATION 
INPUT RESISTANCE (Rg = 100kQ 


z NO EXTERNAL LOAD V+ = 6V 
< , 
lw 
S 
y: 
< 
lw 
all 
— 
_ 
= CA3059 
= CA3079 
ro) 
+3V oc 
-80 60 -40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (°C) h a 
FIGURE 8. OUTPUT LEAKAGE CURRENT (INHIBIT MODE) vs FIGURE 9. INPUT BIAS CURRENT TEST CIRCUIT FOR CA3059 


AMBIENT TEMPERATURE FOR CA3059 AND CA3079 AND CA3079 
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220VRMS, 50/60Hz OPERATION 


-_ INPUT RESISTANCE (Rg) = 10kQ 
60Hz, tp 
50Hz, tp __ (+ dv/dt) 
200 | (+ dv/dt) 


TOTAL GATE PULSE DURATION (js) 


0 0.02 0.04 0.06 0.08 
EXTERNAL CAPACITANCE (pF) 


FIGURE 10A. 


600 


60Hz, try 


400 
(- dv/dt) ae —_— 
z pe= 


TIME FROM ZERO CROSSING 
TO END OF PULSE (us) 


CA3059, CA3079 


220VRMS, 50/60Hz OPERATION 50Hz, t 
INPUT RESISTANCE (Rg) = 10kQ (- dvidt). 


a 
—_ 
—T 


0 0.02 0.04 0.06 0.08 


EXTERNAL CAPACITANCE (:F) 


FIGURE 10C. 


Z 99° [ 220VRMS, 50/60Hz OPERATION 

INPUT RESISTANCE (Rg) = 20kQ 
i] 

60Hz, tp 

= 400 (+ dv/dt) —_ 

a 

_—— 

% 

— ] 

a 

w 200 

< 

© 

: 

- 9 

0 0.02 0.04 0.06 —0.08 0.1 
EXTERNAL CAPACITANCE (uF) 

FIGURE 10B. 


220VRMS, 50/60Hz OPERATION 


J 400 | INPUT RESISTANCE (Rs) = 20k2 
29 6OHz, ty, 
rr (- dv/dt) 
0g 
93> 400 
a. 
NS 
s 
og 
Fi 200 
Ww 
S = 
= 
0 
0 0.02 0.04 0.06 0.08 oO. 
EXTERNAL CAPACITANCE (F) 
FIGURE 10D. 


FIGURE 10. RELATIVE PULSE WIDTH AND LOCATION OF ZERO CROSSING FOR 220V OPERATION FOR CA3059 AND CA3079 


SENSOR RESISTANCE = 5kQ. 


TERMINALS 7 AND 12 CONNECTED 
DC GATE CURRENT MODE 


(CA3058 & CA3059) 


TERMINAL 12 OPEN 
PULSED GATE CURRENT MODE 
(ALL TYPES) 


ASENSOR RESISTANCE, ARon - Rog () 


SENSITIVITY, AV; (mV) 


-75 -50 -25 O 25 50 75 100 125 


AMBIENT TEMPERATURE (°C) 


FIGURE 11. SENSITIVITY vs AMBIENT TEMPERATURE FOR 


CA3059 AND CA3079 


v THYRISTOR TURN-OFF 
6 AREA OF UNCERTAIN 
OPERATION 

S 5 

vz 

“4 

| 

= AREA OF NORMAL 

= 3 OPERATION 

c 

F 2 


AREA OF UNCERTAIN 
OPERATION ‘ : 
THYRISTOR TURN-OFF 


0 -25 0 25 50 75 
AMBIENT TEMPERATURE (°C) 


FIGURE 12. OPERATING REGIONS FOR BUILT-IN PROTEC- 
TION CIRCUIT FOR CA3059 


CA3059, CA3079 


> OFF 


120VAC 
60Hz 120VAC 


60Hz 


ton = 0.67 R,C, 


R, (max. value allowable) = 1mQ ty = 0.67 R,C, 
FIGURE 13. LINE-OPERATED ONE-SHOT TIMER FIGURE 14. LINE-OPERATED THYRISTOR CONTROL TIME 
DELAY TURN-ON CIRCUIT 
120VAC 
60Hz 
a 
ty = RyC, a = 
_ Pie P wi 
R, + Re ~o 
FIGURE 15. ON/OFF TEMPERATURE CONTROL CIRCUIT WITH DELAYED TURN-ON 8 
= 2 SWITCHED ° 
69) LOAD ¢ 
5) Oy) by MT» 
120VAC 5KQ T2300B 
CA3059 1KQ 7 
+ = RECTIFIER a) ya MAX LOAD = 2.5A 
= AND TRIAC MTs 
CONTROL 
10KQ 


pr Ge 5) PULSE GEN=RATOR 

<j CA3097E THYRISTOR/ w— 

NOTE: Oo Oo © TRANSISTOR ARRAY 5 
i 12-STAGE COUNTER 


Terminal 1 goes “High” 
(Logic “1”) after 2048 I. a © © (8) © © C1 
pulses are applied to (3) Rs T 
Terminal 10. 1KQ ss = 
For 8 hour delay: = 1 oKQ = 

R, = 12MQ 

C, = 2QuF — 


SENSOR ILLUMINATION 


COUNTER RESET 
(TERMINAL 11 OF CD4040) 


“CLOCK” PULSES 
(TERMINAL 9 OF CA3097E) 


COUNTER OUTPUT 
(TERMINAL 1 OF CD4040) 


TERMINAL 6 OF CA3059 AND 
TERMINAL 5 OF CA3097E 


TERMINAL 4 OF CA3059 
AND POWER IN LOAD 


CA3059, CA3079 


“NIGHT? -— 


heeecmcencene 
—e— @.9., 8 HRS—>4 
1 PULSE/SEC —> } 
‘ 

— 


FIGURE 16B. TIMING DIAGRAM FOR FIGURE 16A 


120VAC 
60Hz 


TRIAC 
ONTROL 


CA3059 


C2 
0.001 


T2302B 
MAX LOAD = 2.5A 


+Vpp (= +6.5V) 


16 


+Vpp (= +6.5V) 


COS/MOS CD4020A 
14-STAGE BINARY 
COUNTER 


28 29 210 511 912 513 14 Vpp Kd Ka 


CD4048A 
EXPANDABLE iT) 
BINPUTGATE =f autour 


PROGRAMMING 
INTERCONNECTIONS 


rwaadaomanga rz 


Vsg Kb Ke 


FIGURE 17A. PROGRAMMABLE ULTRA-ACCURATE LINE-OPERATED TIMER. 
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CA3059, CA3079 


TIME PERIODS (t = 0.5333 s) 


Sc 
po AOZDATERMINALS 


CD4020A TERMINALS 


CD4048A TERMINALS 


C NC NC NC NC NC NC NC 


NOTES: 
1. to = Total time delay =n, t+not+... nat. 
2. C = Connect. For example, interconnect terminal a of the CD4020A and terminal A of the CD4048A. 
3. NC = No Connection. For example, terminal b of the CD4020A open and terminal B of the CD4048A connected to +Vpp bus. 


AC 
SUPPLY W 
VOLTAGE | 
| 
CA3059 
OUTPUT | 
(PIN 4 AND PIN 6) : 


| 
CD4048A y/ 
OUTPUT 


AC IN LOAD (R ,) AVAVAVAUAL / \! 


FIGURE 17B. “PROGRAMMING” TABLE FOR FIGURE 17(A). 


AC TO DC 
CONVERTERS 
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CA3059, CA3079 


Operating Considerations 
Power Supply Considerations for CA3059 and CA3079 


The CA3059 and CA3079 are intended for operation as self- 
powered circuits with the power supplied from and AC line 
through a dropping resistor. The internal supply is designed 
to allow for some current to be drawn by the auxiliary power 
circuits. Typical power supply characteristics are given in 
Figures 2(b) and 2(c). 


Power Supply Considerations for CA3059 


The output current available from the internal supply may not 
be adequate for higher power applications. In such applica- 
tions an external power supply with a higher voltage should 
be used with a resulting increase in the output level. (See 
Figure 4 for the peak output current characteristics.) When 
an external power supply is used, Terminal 5 should be con- 
nected to Terminal 7 and the synchronizing voltage applied 
to Terminal 12 as illustrated in Figure 5(a). 


Operation of Built-In Protection for the CA3059 


A special feature of the CA3059 is the inclusion of a protec- 
tion circuit which, when connected, removes power from the 
load if the sensor either shorts or opens. The protection cir- 
cuit is activated by connecting Terminal 14 to Terminal 13 as 
shown in the Functional Block Diagram. To assure proper 
operation of the protection circuit the following conditions 
should be observed: 


1. Use the internal supply and limit the external load current 
to 2mA with a 5kQ dropping resistor. 


2. Set the value of Rp and sensor resistance (Rx) between 
2kQ and 100k22 


3. The ratio of Ry to Rp typically, should be greater than 0.33 
and less than 3. If either of these ratios is not met with an 
unmodified sensor over the entire anticipated tempera- 
ture range, then either a series or shunt resistor must be 
added to avoid undesired activation of the circuit. 


If operation of the protection circuit is desired under condi- 
tions other than those specified above, then apply the data 
given in Figure 12. 


External Inhibit Function for the CA3059 


A priority inhibit command may be applied to Terminal 1. The 
presence of at least +1.2V at 10yA will remove drive from 
the thyristor. This required level is compatible with DTL or 
TL logic. A logical 1 activates the inhibit function. 


DC Gate Current Mode for the CA3059 


Connecting Terminals 7 and 12 disables the zero-crossing 
detector and permits the flow of gate current on demand 
from the differential sensing amplifier. This mode of opera- 
tion is useful when comparator operation is desired or when 
inductive loads are switched. Care must be exercised to 
avoid overloading the internal power supply when operating 
in this mode. A sensitive gate thyristor should be used with a 
resistor placed between Terminal 4 and the gate in order to 
limit the gate current. 


o— 
~~ 4-10 
| (0.102 -0.254) 
59-67 
- 1.702) 


(1.499 


Dimensions in parentheses are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid gradations are in mils 
(10° inch). 


The photographs and dimensions represent a chip when it is par of 
the wafer. When the wafer is cut into chips, the cleavage angles are 
57° instead of 90° with respect to the face of the chip. Therefore, the 
isolated chip is actually 7 mils (0.17mm) larger in both dimensions. 


DIMENSIONS AND PAD LAYOUT FOR CA3059H AND CA3079H 
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oo aes HV-2405E 


World-Wide 
April 1994 Single Chip Power Supply 


Features Description 


Direct AC to DC Conversion The HV-2405E is a single chip off line power supply that con- 
verts world wide AC line voltages to a regulated DC voltage. 
The output voltage is adjustable from 5Vp¢ to 24Vp¢ with an 
Dual Output Voltages Available output current of up to 50mMA. The HV-2405E can operate 
from input voltages between 15Vrms and 275Vrms as well 
as input frequencies between 47Hz to 200Hz (see Table 1 in 
Output Voltage 5V to 24V _ section titled “Minimum Input Voltage vs Output Current” for 
details). 


Wide Input Voltage Range 15Vrms-275Vrms 
Output Current up to50mA 


Line and Load Regulation 
The wide input voltage range makes the HV-2405E an excel- 
UL Recognition, File # E130808 lent choice for use in equipment which is required to operate 
. . from either 240V or 120V. Unlike competitive AC-DC conver- 
App lications tors, the HV-2405E can use the same external components 
¢ Power Supply for Non-Isolated Applications for operation from either voltage. This flexibility in input volt- 
age, as well as frequency, enables a single design for a 

e Power Supply for Relay Control world wide supply. 


¢ Dual Output Supply for OFF-LINE Motor Controls The HV-2405E has a safety feature that monitors the incom- 


Supplies line, initial power applied at or near peak line voltage). This 


inhibit function protects the HV-2405E, and subsequent cir- 


Cuitry, by turning off the HV-2405E during large dv/dt tran- re eo 

. . sients. This feature is utilized to ensure operation within the 6 wi 
Order Ing Information SOA (Safe Operating Area) of the HV-2405E. oO Ee 
Lu 

TEMPERATURE The HV-2405E can be configured to work directly from an ~ > 

PART NUMBER RANGE electrical outlet (see Figure 1) or imbedded in a larger sys- <x 5 
O 


HV3-2405E.5 0°C to 475°C 8 Lead Plastic DIP tem (see Figure 7). Both application Circuits have compo- 
nents that will vary based on input voltage, output current 
HV3-2405E-9 -40°C to +85°C | 8 Lead Plastic DIP and output voltage. It is important to understand these val- 


ues prior to beginning your design. 


CAUTION: This Product Does Not Provide Isolation From The AC line. See “General Precautions”. Failure to use a properly rated 
fuse may cause Ri to reach dangerously High Temperature or Cause the HV-2405E to Crack or Explode. 


Pinout Functional Diagram 


HV-2405E (PDIP) SWITCHING LINEAR 
TOP VIEW PRE-REGULATOR POST-REGULATOR 


AC RETURN | 1 | | 8] AC HIGH 


PRE-REG 
CAP (C2) |? ne 


GND | 3) 161 VouT 


wali [5] VSENSE 


BANDGAP 
REFERENCE 


(1, 3) 


AC ' "ac 
RETURN RETURN 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2487. 5 
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Specifications HV-2405E 


Absolute Maximum Ratings 


Voltage Between Pin 1 and 8, Peak.................... 000: +500V 
Vonage Between FIN 2 BN G6 oc ccscc neces anes aweawnen wwe 15V 
MUL CABTEN. POA oo csawetasccotedciss concteeiaace cman 2A 
CT CANO be Shoe een eben eee has eke eRe REeU RE EY 100mA 
CRO VOUS oon cde ebed cneetasemwsctcuedaeseouyeues 34V 


Thermal Information 


Thermal Resistance Oya 
PIAS OP 6x cent ecessnds anceendsanennde sand an 150°C/W 

Maximum Junction Temperature............... eee eee +150°C 

Storage Temperature Range.................-. -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Unless Otherwise Specified: Vi, = 264Vms at 50Hz, C1 = 0.05yF, C2 = 470pF, C4 = 1pF, Voyr = SV, 
lout = 50mA, Source Impedance R, = 150Q. Parameters are Guaranteed at the Specific Vy and 
Frequency Conditions, Unless Otherwise Specified. See test circuit for Component Location. 


HV-2405E-5/-9 


Output Voltage (At Preset 5V) 


Output Voltage (At Preset 24V) 
Line Regulation 80Vrms to 264Vrms 


Load Regulation 


Output Current 


Test Circuit 


FILTER 
NETWORK 


AUTOMATIC 

TEST TEST SIGNALS 

EQUIPMENT SHOULD BE 
FILTERED TO 


PRECLUDE 
TRANSIENTS 
TO LESS THAN 
10V/us 


HV-2405E 


Application Information 


0.1pF 100Q secre errr eneenn PUse 
OPERATING CONDITIONS 9 AC HIGH 
Vin = 50Vrms TO 275Vrms 
FREQUENCY = 50Hz to 60Hz 
lout = OmA to 50mA tL AC RETURN 


Vout = 5V + Vz 


° Vout 


1N5231A 


= pF => = 
COMPONENT LIST 
FUSE = 1/4A Ci = 0.1F, AC RATED 
R1 = 1000, 5W C2 = 470pF, 15V + Vout, ELECTROLYTIC 
R2 = 220kQ, 1W C3 = 20pF, CERAMIC 


C4 = 10uF, Vout + 10V, ELECTROLYTIC 
C5 = 0.047pF, 10V 

Z1 = Vout - SV, 1/44W 

Z2 = 5.1V, 1N5231/A OR EQUIVALENT 
Q1 = 2N2222 OR EQUIVALENT 


R3 = 3.9kQ2, 1/4W 
R4 = §.6kQ, 1/4W 
R5 = 3.30, 1/ 4W 

R6 = 5.6kQ, 1/4 W 


FIGURE 1. OFF LINE WORLD-WIDE SUPPLY (Ioy7 2 50mA) 


2) 

Ot 

Off line World Wide Supply (Ioyy < 50mA) “ = 
Figure 1 shows the recommended application circuit for an Resistors R2, R3 and capacitor C3 monitor the input voltage a 
off line world wide supply. The circuit will deliver an output and turn on Q1 which shuts down the HV-2405E when the = 5 
voltage of 5V to 24V and an output current from 0 to 50mA. input voltage or the dv/dt is too large. This network antici- re) 


The value of C2 can be reduced for applications requiring 
less output current (see section titled “Optimizing Design” for 
details). For a basic understanding of the internal operation 
of the HV-2405E reference section titled “How the HV-2405E 
Works”. 


The following is a detailed explanation of this application cir- 
Cuit: 


Basic Operation 


When the input voltage goes positive an internal switch 
connects pin 8 to pin 2 allowing current to flow through R1 to 
charge up C2. When the voltage on C2 reaches a 
predetermined voltage the switch opens and the charging of 
C2 stops. R1 limits the input current and along with C1 
provides a snubber for the internal switch. A linear regulator 
takes current from C2 further regulating the voltage and 
limiting the ripple at pin 6. The voltage at pin 6 is equal to 
Vz; +5V. The linear regulator also provides output current 
limiting. The capacitor C4 on pin 6 is required for stability of 
the output. 


Input Current Limiting Circuit 


The external components in the shaded area of Figure 1 per- 
form two functions. The first is to shut down the HV-2405E in 
the presences of a large voltage transients and the second is 
to provide input current limiting. 


pates the voltage applied to pin 8, since R1 and C1 add 
several micro seconds delay, and turns off the HV-2405E 
when a predetermined input voltage is exceeded. The differ- 
ence between R3/C3 and R1/C1 time constants ensures 
that the HV-2405E internal switch opens before the voltage, 
and thereby the input current, is allowed to rise to a danger- 
Ous level at pin 8. The input voltage at which the HV-2405E is 
turned off, is dependent upon the voltage on C2. The higher 
the voltage on C2 the larger the input current that the HV- 
2405E can safely turn off. For a detailed explanation of why 
the voltage on C2 determines the maximum input current 
that the HV-2405E can safely turn off, reference “Start-up” in 
section titled “How the HV-2405E Works”. 


Input current limiting is provided when the voltage at the 
base of Q1 forward biases the base to emitter junction, turn- 
ing off the internal switch. The voltage required at the base 
to turn on Q1 increases as the voltage on C2 increases the 
emitter voltage. When the voltage on C2 is >10V, the emitter 
voltage is held constant by Z2 and the maximum input cur- 
rent is set by resistors R2, R3, R4 and R85 (see section titled 
“Design Equations” for more details). 


Operation 


The circuit in Figure 1 ensures operation within the SOA of 
the HV-2405E by limiting the input current to <5|00mA when 
the voltage on C2 equals zero and <2A when the voltage on 


HV-2405E 


Application Information (Continued) 


C2 is greater than 10V. The circuits operation is illustrated in 
Figure 2 and Figure 3. In Figure 2 the initial current pulse is 
approximately 400mA when Veco = OV and gradually 
increases to approximately 1.8A when C2 = 10V. Also notice 
that after the 17th line cycle the input current is approxi- 
mately 1.4A. At this point C2 is fully charged. The input cur- 
rent required to maintain the voltage on C2 is less than the 
current to charge it and the circuit has reached steady state 
operation. Since the steady state current is less than the 
input current limit, the circuit in the shaded area is off and no 
longer has any effect. 


Vin = 264Vrms | 
(soov/pDlv) It 


| An A 


INPUT CURRENT | , | 


(LAIDIV) srichetntetetnd hrc atthe beherhaet 
2 eee eee 
(1OV/DIV) _ | C2 FULLY CHARGED = 
E i pepeneensenamatnanermansrmanet 
ne i Se oe ee 
(BVO) enn TIME (6Orne/DIV), 


FIGURE 2. START UP OPERATION 


Under short circuit operation the maximum voltage on pin 2 
is less than 10V and the input current limiting circuit is 
invoked. Figure 3 shows that under output short circuit con- 
ditions, the input current is limited to about 800mA. The 
effects on the output current when the input current limiting 
circuit is invoked is illustrated in Figure 6. 


ee ee, eee ree ncnncennnn 


ve 


INPUT CURRENT :: |, § 
(1A/DIV) 
Ip = 0.8A 
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emo 
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(1OV/DIV) 


Vout | 
(SV/DIV) 


FIGURE 3. SHORT CIRCUIT OPERATION 


Design Equations for Input Current Limiting 
Initial Start-Up 


Assume: Vc = OV, R1 = 100, R2 = 220kQ, R3 = 3.9kQ, 
R4 = 5.6kQ, R5 = 3.3kQ, R6 = 5.6kQ, Veg = 0.54V, Itpig = 
BOA, Vein g - Vpin 2 = 3.5V at low inputs currents. Vin, = 
Voltage on AC high when input current limit circuit is invoked 
(Voz = OV) 


Vin > Vein a - Vein 2 


lN(min) = Ri (EQ 1) 
R2+R3 R4 (R5 + R6) 
Vint = 3 (Vee + “RasRsane * Itpia) (EQ. 2) 
Ving = 57.41 (0.54 + 3.437kQ x BOA) = 42.84V (EQ. 3) 
42.84 -3.5 
liN(min) = 400. = 393mA (EQ. 4) 


Equation 1 through Equation 4, for the given assumptions, 
predict that the initial input current will be limited to 393mA. 


The following equations can be used to predict the maximum 
input current during start-up. 


Assume: Veco > 10V, R1 = 100Q, R2 = 220kQ, R3 = 3.9kQ, 

R4 = 5.6kQ, R5 = 5.6kQ, R6 = 3.3kQ, VBE = 0.54V, ITRIG = 
6OpWA, Vz = 5.1V, Vpin g - Vpin 2 = 6V at high inputs currents, 

Vpin 2 - Vping» Vine = Voltage on AC high when input current 

circuit is invoked (Vc2 > 10V). 


Vine - Vout - (Vpin a - Vein 2) - (Vein 2 - Vein 6) 


lin(max) = 7 (EQ. 5) 
V ee ay ft a Yin diy ec es (EQ. 6) 
eT RB | BET R4+R5 FIST Rays 2| 

Vino = 57.41 [0.54 + (2.076kQ x GOA) + (0.6292 x 5.1)] (EQ. 7) 
222 - Voy7 -6 6 

linimax) = a = 2.05A at Voyr = 5V (EQ. 8) 
222 - Voyt -6 6 

Imax) = —— 50 = 1.86 at Vout = 24V (EQ. 9) 


Equation 5 through Equation 9 predict the maximum input 
current will be limited to less than 2.05A. In practice at 5V 
operation the current is less than predicted due to the low 
bias current through Z2. 


Setting The Output Voltage 


The circuit shown in Figure 1 provides a regulated 5V to 24V 
DC and is set by adjusting the value of Z1. The output volt- 
age of the HV-2405E (pin 6) is set by feedback to the sense 
pin (pin 5). The output will rise to the voltage necessary to 
keep the sense pin at 5V. The output voltage is equal to the 
Zener voltage (Vz,) plus the 5V on the sense pin. For a 5V 
output, pin 5 and pin 6 would be shorted together. The out- 
put voltage has the accuracy and tolerance of both the Zener 
diode and the band-gap of the HV-2405E (see Figure 16). 
The maximum output voltage is limited by Zpo to ~ 34Vo¢. 
Zgo protects the output by ensuring that an overvoltage con- 
dition does not exist. Note: the output voltage can also be set 
by placing a resistor (1/4W) between pin 5 and pin 6. If a 
resistor is placed between pin 5 and pin 6 an additional 1V 
per kQ (+10%) is added to the 5V output. 
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Optimizing Design (World-Wide Supply) 
Selecting the Storage Capacitor C2 


For applications requiring less than 50mA or the full input 
voltage range, the value of C2 can be reduced for a more 
cost effective solution. The minimum C2 capacitor value is 
determined by the intersection between the maximum input 
voltage and the output current curve in Figure 4. (Note, for 
50Hz operation see Figure 19 in section titled “Typical Per- 
formance Curves”.) Advantages of making C2 as small as 
possible are: 


e Reduced total size and cost of the circuit. 
e Reduced start up time. 


Consideration should be given to the tolerance and tempera- 
ture coefficient of the C2 value selected. (Note; momentary 
peak output current demands should be considered in the 
sizing of C2. Increasing the output capacitor C4 is another 
way to supply momentary peak current demands.) 


OFFLINE WORLD-WIDE SUPPLY 


INPUT VOLTAGE (Vrms) 


0 75 100 220 330 470 


FIGURE 4. MINIMUM C2 VALUE vs INPUT VOLTAGE 


The following example illustrates the method for determining 
the minimum C2 value required: 


EXAMPLE 


Requirements: Vout = 5V to 24V, lout = 35mA, ViN(max) = 
120Vrms, 60Hz. 


For the given conditions, the minimum C2 value (from Figure 
4) is determined to be 220pF. 


Determining the Power Dissipation in R1 


Circuit efficiency is limited by the power dissipation in R1. 
The power dissipation for 240Vrms and 120Vrms is shown in 
Figure 5. 


For input voltages other than 240Vrms or 120Vrms equation 
10 can be used to determine the power dissipation in R1. 


Pd=2.8 [Ri vims (lou) (EQ. 10) 


Example: R; = 100Q, Input Voltage = 240Vrms, lout = 
50mA, Pp = 4.8W 


NOTE: Under short circuit conditions the Pp in Rit 
decreases to 1.2W Due to fold back current limiting (lout = 
20mA, Reference Figure 6). 


OFFLINE WORLD-WIDE SUPPLY (R1 = 10022) 


POWER DISSIPATION (W) 


20 30 40 
LOAD CURRENT (mA) 
FIGURE 5. POWER DISSIPATION IN R1 vs LOAD CURRENT 


Operation Information 


Effects of Temperature on Output Current: 


Figure 6 shows the effects of temperature on the output 
current for the circuit shown in Figure 1. Figure 6 illustrates 
operation with the output configured for 5V. Temperature 
effects on the output current for Voy = 24V operation is 
similar. The foldback current limiting is the result of reduced 
voltage on C2. The circuit delivers 50mA output current 
across the specified temperature range of -40°C to +85°C 
for all output voltages between 5V and 24V. The effect of 
decreasing the value of C2 (470uF) reduces the maximum 
output current (i.e. moves curve to the left). For all C2 values 
selected from Figure 4 (assuming tolerance and temperature 
coefficient are taken into account) the circuit meets the 
expected output current across the above mentioned 
temperature range. 


AC TO DC 
CONVERTERS 


OFFLINE WORLD-WIDE SUPPLY 


OUTPUT VOLTAGE (V) 


0 10 20 30 40 50 60 70 80 90 100 
OUTPUT CURRENT (mA) 


FIGURE 6. OUTPUT CURRENT vs TEMPERATURE 
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Minimum Input Voltage vs loyr 


Table 1 shows the minimum input voltage range as a 
function of output current. Notice that the HV-2405E can 
deliver 5V at 10mA from a source voltage as little as 15Vrms 
and requires a minimum of 50Vrms to deliver 24V at 50mA. 


TABLE 1. MINIMUM INPUT VOLTAGE vs OUTPUT CURRENT 


lout 


Your | toma | 25ma_ | 3smA_ | 50mA_| 


Component List (World Wide Supply <50mA) 
Fuse 


Opens the connection to the power line. 
Recommended value: 1/4AG 
R1 Source Resistor 


R1 limits the input current into the HV-2405E. Needs to be 
large enough to limit inrush current when C2 is discharged 
fully. The maximum inrush current needs to be limited to less 
than 2A (V peak / R1 <2A). The equation for power dissipa- 
tion in R11 is: 


Pd=2.8 «/ R1 Vrms (lout)? (EQ. 10) 


Wirewound resistors are recommended due to their superior 
temperature characteristics. 

R1 = 1000 (10%) 

R2, R3, R4, R5 and R6 Resistors 


R2, R3, R4, R5 and R6 set the bias level for Q1 that 
establishes the minimum and maximum input current limit 
during start-up. 
Resistor values (+5%): 
R2= 220kQ, 1W 

R3= 3.9kQ, 1/4W 

R4= 5.6kQ, 1/4W 

Ci Snubber Capacitor 


C1 and R11 form a low pass filter that limits the voltage rate 
of rise across SA1 (the main current carrying SCR of the 
HV-2405E) and therefore its power dissipation. 


C1 =0.1pF (+10%) AC rated, metallized polyester. 
C2 Pre-Regulator Capacitor 


R5= 3.3kQ, 1/4W 
R6 = 5.6kQ, 1/4W 


C2 is charged once each line cycle. The post regulator 
section of the HV-2405E is powered by C2 for most of the 
line cycle. If the application requires a smaller input voltage, 
the value of C2 can be reduced from that shown in Figure 1 
(see section on “Optimizing Design” for details). Note: 
capacitors with high ESR may not store enough charge to 
maintain full load current. The voltage rating of C2 should be 
about 10V greater than the selected Voyr. 


Recommended value = 470yF electrolytic (420%), unless 
otherwise specified. 


C3 Feed Forward Capacitor 


C3 is part of the input Current limiting circuitry shown in 
Figure 1. C3 detects large voltage transients on the AC line 
and turns off the HV-2405E by turning Q1 on. 


C3 = 20pF (20%), breakdown voltage >500V. 
C4 Output Filter Capacitor 


C4 is required to maintain the stability of the output stage. 
Larger values may help in supplying short momentary 
Current peaks to the load and improve output ripple during 
Start-up. 

C4 = 10uF (+20%) 

Z1 Output Voltage Adjust 

Z1 is used to set the output voltage above the 5V reference 


on pin 5 (see section titled “Setting The Output Voltage” for 
more details). 


Z1= Vout - 5V,1/4W. V2 valve at 1mA. 


Note, the wattage rating is different when configured as a 
dual supply (see dual supply section for on how to determine 
wattage). 


Z2 Clamp Diode 


Z2 clamps the voltage on Qis emitter when the voltage on 
C2 >10V. This results in limiting the maximum input current 
to less than 2A. 


Z2 = 5.1V, 1N5231A or equivalent 
Q1 Input Current Limiting Transistor 


Q1 shuts down the HV-2405E when the input voltage or dv/dt 
is too large. 


VcEO = 40V min. 
Q1 = 2N2222 or equivalent 


Imbedded Supply (\pyz <30mA) 


FILTER 
NETWORK 


HV-2405E 


COMPONENT LIST 
C2 = 330uF, 15V + Voyt, ELECTROLYTIC 

Ri = 1502, 3W C3 = 150pF, CERAMIC 

R2 = 2.72, 1/4W C4 = 10uF, Voyr + 10V, ELECTROLYTIC 

C1=0.1pF,AC RATED 21 = Voyy -5V, 1/4W 


FIGURE 7. IMBEDDED SUPPLY Ipy7 < 30MA 


FUSE = 1/4A 
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For applications requiring 30mA or less and not directly off 
line (i.e. filter network preceding supply), the external tran- 
sistor and associated resistors in Figure 1 can be replaced 
with a single 1/4W resistor R2 and capacitor C3 (Figure 7) if: 
(1) The filter network reduces the input dv/dt to less than 
10V/us (ensures sufficient pin 2 voltage at turn off), (2) 
Source resistor R1 equals 150 (limits the maximum input 
current) and (3) Inhibit Capacitor C3 equals 150pF (turns off 
the HV-2405E during large voltage transients). 


For applications where EMI (conductive interference) is a 
design requirement, the circuit shown in Figure 8 is the rec- 
ommended application circuit. This circuit delivers an output 
voltage of 5V to 24V with an output current from 0 to 30mA 
and passes VDE 0871 class “B” test requirements for con- 
ductive interference with a resistive load. 


yreocrorroo ’ 

‘out ‘RI : 
FUSE; 2.2mh #1502 . 

‘ VOY ’ 2 Z1 

AC HIGH) } 
é s 
! ! =) TF] fe) fe) Sve 
4 ‘ 
é ‘ 
é é 
; HV-2405E 
‘ , C4 
Co C1 10uF 
4 0.33pF TT ,0.1p 
: ; di se 
6 é 
FILTER 

NETWORK | ; Re c3 
‘ ‘ 2.72 T150pF 
; ; C2 
f ' 330uF 
AC “RETURN ‘oe 
COMPONENT LIST 

FUSE =1/4A C3 = 150pF, CERAMIC 
Ri = 1502, 3W C4 = 10uF, Vout + 10V, 
R2 = 2.70, 1/4W ELECTROLYTIC 


Ci =0.1pF, AC RATED 
C2 = 330uF, 15V + Vour, Li = 2.2mh, p = 2000 
ELECTROLYTIC CO = 0.33uF, AC RATED 


FIGURE 8. IMBEDDED SUPPLY WITH EMI FILTER (Ipyy7 < 30mA) 


Z1 = Vout -5V, 1/4W 


Basic Operation 


When power is initially applied the filter network reduces the 
magnitude of any transient noise spikes that might result in 
operation outside the SOA of the HV-2405E (see Start-up in 
section titled “How the HV-2405E Works” for and explanation 
of the SOA). When the voltage on pin 8 goes positive an 
internal switch connects pin 8 to pin 2 and C2 starts to 
charge through R1 and R2. When the voltage on pin 2 
reaches a predetermined voltage the switch opens and the 
charging of C2 stops. R11 limits the input current and along 
with C1 provides a snubber for the internal switch. R2 also 
has the effect of limiting the input current by increasing the 
voltage on pin 2 sooner in the cycle. A linear regulator takes 
current from C2 and provides a DC voltage at pin 6. The volt- 
age at pin 6 is equal to V,,+ 5V. The inhibit capacitor (C3) 
provides protection from large input voltage transients by 
turning off the HV-2405E and the output capacitor C4 pro- 
vides stabilization of the output stage. 


Operation 


The operation of the imbedded supply is illustrated in Figure 9 
and Figure 10. Figure 9 shows operation with a 30mA load 
and Figure 10 with the output short circuited. Notice that In 
both cases, the inhibit function of the HV-2405E prevents the 
circuit from turning on when the input voltage was applied 
near the peak line voltage. Also notice the initial current pulse 
(Figure 9) is approximately 1.6A and decreased to 1A within 
40ms. This decrease in the input current results when the 
charging current required to maintain the voltage on C2 
decreased. The effect of the series resistor (R2) is illustrated 
by the small voltage spike on the Vpin 2 trace. This voltage 
spike increases the voltage on pin 2 to the 10V trip point 
sooner in the cycle, thereby limiting the input current. 
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FIGURE 9. START UP OPERATION 


IMBEDDED SUPPLY 
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FIGURE 10. SHORT CIRCUIT OPERATION 
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Setting The Output Voltage 


The circuits shown in Figure 7 and Figure 8 provide a regu- 
lated 5V to 24Vpc¢ output voltage that is set by adjusting the 
value of Z1. The output voltage of the HV-2405E (pin 6) is 
set by feedback to the sense pin (pin 5). The output will rise 
to the voltage necessary to keep the sense pin at 5V. The 
output voltage is equal to the Zener voltage (Vz) plus the 5V 
on the sense pin. For a 5V output, pin 5 and pin 6 would be 
shorted together. The output voltage has the accuracy and 
tolerance of both the Zener diode and the band-gap of the 
HV-2405E (see Figure 16). The maximum output voltage is 
limited by Zgo to = 34Vpc. Zgo protects the output by ensur- 
ing that an overvoltage condition does not exist. Note: the 
output voltage can also be set by placing a resistor (1/4W) 
between pin 5 and pin 6. If a resistor is placed between pin 5 
and pin 6 an additional 1V per kQ (£10%) is added to the 5V 
output. 


Optimizing Design (imbedded Supply) 
Selecting the storage capacitor C2 


For applications requiring less than 30mA, the value of C2 
can be reduced for a more cost effective solution. The mini- 
mum C2 capacitor value vs. output current is presented in 
Table 2. Advantages of making C2 as small as possible are: 


e Reduced total size and cost of the circuit. 
¢ Reduced start up time. 


Consideration should be given to the tolerance and tempera- 
ture coefficient of the C2 value selected. (Note: momentary 
peak output current demands should be considered in the 
sizing of C2. Increasing the output capacitor C4 is another 
way to supply momentary peak current demands.) 


TABLE 2. IMBEDDED SUPPLY 


ee 
Zeavims | S0HZ 


264Vrms 60Hz 


132Vrms 50Hz 


132Vrms 60Hz 


Determining the Power Dissipation in R1 


Circuit efficiency is limited by the power dissipation in R1. 
The power dissipation for 240Vrms and 120Vrms is shown in 
Figure 11. 


For input voltages other than 240Vrms or 120Vrms Equation 
10 can be used to determine the power dissipation in R1. 


Pd=2.8 Ri Vrms (lout)® (EQ. 10) 
IMBEDDED SUPPLY (R1 = 1502) 
z 
E 
& 
” 
” 
6 
ies 
WwW 
5 


cea soneier _ 
FIGURE 11. POWER DISSIPATION IN R1 vs LOAD CURRENT 


Operation information 


Effects of Temperature on Output Current 


Figure 12 and Figure 13 show the effects of temperature on 
the output current for the imbedded supply (R2 = 2.79). Fig- 
ure 12 illustrates Voyr = 5V operation and Figure 13 illus- 
trates Voyr = 24V operation. The imbedded supply (R2 = 
2.7Q) delivers 30mA output current across the specified tem- 
perature range of -40°C to +85°C for all output voltages 
between 5V and 24V. The effect of decreasing the value of 
C2 (330yF) reduces the maximum output current (i.e. moves 
curve to the left). For all C2 values selected from Table 2 
(assuming tolerance and temperature coefficient are taken 
into account) the circuit meets the expected output current 
across the above mentioned temperature range. 
IMBEDDED SUPPLY 


OUTPUT VOLTAG 


0 
0 10 20 30 40 50 60 70 80 
OUTPUT CURRENT (mA) 
FIGURE 12. OUTPUT CURRENT vs TEMPERATURE (A1 = 150, 
R2 = 2.72, C2 = 330uF) 
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Application Information (Continued) 
IMBEDDED SUPPLY 


et) 


OUTPUT VOLTAGE (V) 
a 


LAY 
5 ip 
aa Z24ne 
0 10 20 30 40 50 60 70 80 90 100 
OUTPUT CURRENT (mA) 
FIGURE 13. OUTPUT CURRENT vs TEMPERATURE (R1 = 150Q, 
R2 = 2.79, C2 = 330uF) 
Component List (imbedded Supply <30mA) 
Fuse 


Opens the connection to the power line should the system fail. 
Recommended value: 1/4AG 
Ri Source Resistor 


R1 limits the input current into the HV-2405E. Needs to be 
large enough to limit inrush current when C2 is discharged 
fully. The maximum inrush current needs to be limited to less 
than 2A (Vpeak / R1 < 2A). The equation for power dissipa- 
tion in R1 is: 


Pd=2.8 1 Vrms (lout) 


Wirewound resistors are recommended due to their superior 
temperature characteristics. 


R1 = 1502 (£10%) 
R2 Series Resistor 


R2 limits the input current by boosting the voltage on pin 2 
sooner in the cycle. 


R2 = 2.7Q (5%), 1/4W 
C1 Snubber Capacitor 


C1 and R1 form a low pass filter that limits the voltage rate of 
rise across SA1 (the main current carrying SCR of the HV- 
2405E) and therefore its power dissipation. 


C1 =0.1pF (10%) AC rated, metallized polyester. 
C2 Pre-Regulator Capacitor 


C2 is charged once each line cycle. The post regulator sec- 
tion of the HV-2405E is powered by C2 for most of the line 
cycle. If the application requires a smaller input voltage, the 
value of C2 can be reduced from that shown in Figure 7 or 
Figure 8 (see section on “Optimizing Design” for details. 
Note; capacitors with high ESR may not store enough 
charge to maintain full load current. The voltage rating of C2 
should be about 10V greater than the selected Voyr. 


Recommended value = 330yuF electrolytic (+20%),unless 
otherwise specified. 


C3 Inhibit Capacitor 


C3 keeps the HV-2405E from turning on during large input 
voltage transients. 


C3 = 150pF (10%) 
C4 Output Filter Capacitor 


C4 is required to maintain the stability of the output stage. 
Larger values may help in supplying short momentary 
current peaks to the load and improves output ripple during 
start-up. 


C4 = 10uF (420%) 
Z1 Output Voltage Adjust 


Z1 is used to set the output voltage above the 5V reference 
on pin 5 (see section titled “Setting The Output Voltage” for 
more details). 


21 = Vout - 5V.1/4W 


Note, the wattage rating is different when configured as a 
dual supply (see dual supply section for on how to determine 
wattage). 


Low Input Voltage Supply (ioyr <50mA) 


An ideal application, taking advantage of the low voltage 
operation, would be thermostat controls were 28Vrms is sup- 
plied via a transformer. In this application the HV-2405E 
could deliver a regulated 5V at 40mA with a power dissipa- 
tion in R1 (R1= 20Q) equal to 530mw. The current limiting 
components, in Figure 1, are not required at this low input 
voltage level. See Figure 23 and Figure 24 for output vs tem- 
perature. 


AC 
HIGH 
28Vrms HV-2405E 

AC 

RETURN 
COMPONENT LIST 

FUSE =1/4A, OPTIONAL C2 = 330uF, 15V + Voyz, ELECTROLYTIC 
Ri = 200, 1W C3 = 150pF, CERAMIC 


C1 = 0.05yF, AC RATED C4 = 10uF, Voyr + 10V, ELECTROLYTIC 


Z1 = Vout -5V, 1/4W 
FIGURE 14. LOW INPUT VOLTAGE SUPPLY 
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Application Information (Continued) 


COMPONENT LIST 


FUSE = 1/2A 

R1 = 1000, 5W 

R2 = 220kQ, 1W 

R3 = 3.9kQ, 1W 

R4 = 5.6kQ, 1/ 4W 

R5 = 3.30, 1/4W 

R6 = 5.6kQ, 1/4 W 

C1 = 0.1.F, AC RATED 

C2 = 470pF, 15V + Voy7, ELECTROLYTIC 
C3 = 20pF, CERAMIC 

C4 = 10uF, Vout + 10V, ELECTROLYTIC 
C5 = 0.047pF, 10V 

Z1 = Vout - 5V, 1/4W 

Z2 = 5.1V, 1N5231/A OR EQUIVALENT 
Q1 = 2N2222 OR EQUIVALENT 


© AC HIGH 


Maen 
220KQ —k AC RETURN 


~ Vout =5V+ V2 


aa AC RETURN 


FIGURE 15. DUAL SUPPLY 


Dual Supply (toyz <50mA) 


Dual output voltages are available by making use of the 5V 
reference at pin 5. The sum of both supply currents must not 
exceed maximum output current limit of 50mA. The output 
current for the 5V supply is delivered from the output (pin 6) 
through the Zener diode. The wattage calculation for the 
Zener diode is given in Equation 11. 


Wattage = (V pin 6 - V pin 5) (Ioyrz pin 5) (EQ. 11) 


General Precautions 


CAUTION: This product does not provide isolation from the 
AC line. Failure to use a properly rated fuse may cause R11 to 
reach dangerously high temperatures or cause the HV- 
2405E to crack or explode. 


Instrumentation Effects 
Background: 


Input to output parasitic exist in most test equipment power 
supplies. The inter-winding capacitance of the transformer 
may result in substantial current flow (mA) from the 
equipment ground wire to the AC and DC ground of the HV- 
2405E. This current can induce instability in the inhibit circuit 
of the HV-2405E resulting in erratic operation. 


Recommendations for evaluation of the HV-2405E in the lab: 


a). The use of battery powered DVMs and scopes will 
eliminate ground loops. 


b). When connecting test equipment, locate grounds as 
close to pin 1 as possible. 


c). Current measurements on the AC side of the HV-2405E 
(Pin 8, Pin 1 and Pin 2) should be made with a non-con- 
tact current probe. 


If AC powered test equipment is used, then the use of an 
isolated plug is recommended. The isolated plug eliminates 
any voltage difference between earth ground and AC 
ground. However, even though the earth ground is 
disconnected, ground loop currents can still flow through 


transformer of the test equipment. Ground loops can be 
minimized by connecting the test equipment ground probe 
as close to pin 1 as possible. 


Caution: Dangerous voltages may appear on exposed metal 
surfaces of AC powered test equipment. 


AC Source Effects 
Background: 


Laboratory AC sources (such as VARIACs, step-up trans- 
formers etc.) contain large inductances that can generate 
damaging high voltage transients any time they are switched 
on or off. Switch arcing can further aggravate the effects of 
source inductance. 


Recommendation: 


Adequate protection means (such as MOV, avalanche diode, 
surgector, etc.) may be needed to clamp transients to within 
the +500V input limit of the HV-2405E. 


Output Short Circuited 


For output voltages greater than 5V the maximum voltage 
rating from pin 2 to pin 6 (15V) could be exceeded. For a 
24V output the voltage on pin 2 could be as high as 32V. 
Under normal operating conditions the voltage differential 
between pin 2 and pin 6 is maintained by DA3, DA4, DA5 
and ZA1 (Figure 6) to about 6V. However, if the output (pin 6) 
is shorted to ground the potential difference would equal the 
voltage on C2 which would exceed the 15V max limit. (Note: 
if the output is shorted prior to initial power up, the voltage on 
C2 only reaches about 6.8V and therefore is not a problem.) 


Recommendation: 


If the possibility of the output being shorted to ground during 
normal operation exist, a 10V zener diode (cathode pin 2, 
anode pin 6) is recommended from pin 2 to pin 6. 
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Safe Operating Area 


Ensure operation is within the SOA of the HV-2405E. Refer- 
ence “Start-Up” in section titled “How the HV-2405E Works”. 


How The HV-2405E Works 
Steady State Operation 


The HV-2405E converts an AC voltage into a regulated DC 
voltage. This is accomplished in two functional sections (1) 
Switching Pre-Regulator and (2) Linear Voltage Regulator. 
Refer to HV-2405E schematic Figure 16. 


The purpose of the Switching Pre-Regulator circuit is to cap- 
ture energy from an incoming AC power line, 1/6 of every 
positive half cycle and store this energy in an electrolytic 
capacitor (C2). This energy is then transferred to the Linear 
Voltage Regulator.The current path for charging C2 is 
through DA1, SA1 and DA2. When the voltage level on C2 
reaches approximately 6.8V above the output voltage, SA2 
turns on turning off SA1 and the charging of C2 stops until 
the next positive half cycle on AC high. SA2 is triggered on 
when current flows out of SA2s anode gate and through the 
Zener diode stack (ZA1, DA3, DA4, DA5). This results in a 
feedback circuit that limits the peak voltage on pin 2. 


The input voltage and current wave forms at pin 8 are illus- 
trated in Photo 1. The operation of the HV-2405E is easily 
confirmed by noticing the clamping of the input voltage dur- 
ing the charging of C2. Photo 2 shows the voltage on C2 
(bottom trace), along with the voltage on pin 8 as a refer- 
ence. The test conditions for the wave forms are listed at the 
end of this section. 


The Linear Voltage Regulator performs two functions. The 
first is to provide a reference voltage at pin 5 that is tempera- 
ture independent and the second is to provide an output volt- 
age on pin 6 that is adjustable from 5V to 24V. The band-gap 
(NB1, NB2, RB3 and RB4) provides a temperature indepen- 
dent reference voltage on the base of NBS. This reference 
voltage (1.21V) results in approximately 1mA through RB10 
when the feedback loop from pin 6 is closed. The output volt- 
age is adjusted by placing a Zener diode between pin 5 and 
pin 6. The output voltage on pin 6 is adjusted above the 5V 
reference on pin 5 by a value equal to the Zener voltage. The 
maximum output voltage is limited to ~ 34Vpc¢ by the internal 
Zener diode Zpo. Zpo protects the output by ensuring that an 
overvoltage condition does not exist. The bottom trace of 
Photo 3 shows the output voltage ripple (worst case condi- 
tions), along with the voltage on pin 8 as a reference. 


Test conditions for waveforms: T, = +25°C, Vac = 240Vrms, 
f = 50Hz, R1 = 1500, C1=0.1pF, C2 = 470uF, C3 = 150pF, 
C4= 1pF, Vout = 5V at 50mA. 


Start-up 


Start up operation is similar to that described above. Since 
the storage capacitor connected to pin 2 is discharged, the 
main SCR, SA1, has to pass more current than for steady 
state. 


The ability of the second SCR, SA2, to turn off SA1 is a function 
of the voltage on C2. Due to the impedances of SA1 and SA2, 
the maximum input current that can be safely turned off 


decreases for C2 voltages below 5V. To understand why the 
voltage on C2 determines the maximum input current that the 
HV-2405E can safely turn off, its important to understand the 
electrical connection between SA1, SA2 and the storage 
capacitor C2. Figure 17(A) is a schematic representation of 
both SCRs and is presented to explain how SA2 turns off SA1. 


Top Trace: Input Voltage at Pin 8, AC High (200V/Div) 
Bottom Trace: Current into Pin 8, (0.5A/Div) 


ce vars 


PHOTO 1 


Top Trace: Input Voltage at Pin 8, AC High (200V/Div) 
Bottom Trace: Pre-Regulator Capacitor Voltage, C2 
(5V/Div) at Approximately 10Vpc> 


PHOTO 2 
Top Trace: Input Voltage at Pin 8, AC High (200V/Div) 
Bottom Trace: Ripple or Switch Spike on Regulator 5Vpc 
Output (50mV/Div) This is Worst Case 
Ripple (High Line Voltage, Maximum Ioyt) 


PHOTO 3 
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HIGH 


SA1 


INHIBIT 
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DA3 


ANALOG 
GND 


@) 


AC H 
RETURN SWITCHING PRE-REGULATOR LINEAR VOLTAGE REGULATOR 


FIGURE 16. HV-2405E SCHEMATIC DIAGRAM 
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Assume that SA1 is on and the current path is from pin 8 to 
pin 2. If a small current is pulled out of the base of SA2s pnp 
(point 1, Figure 17A) SA2 will turn on. When SA2 turns on 
the collector current of SA1s pnp no longer provides base 
drive to its npn and SA1 turns off. Figure 17(B) shows the 
current relationships for both SCRs. 


2A 


C2 
STORAGE 


cap 
> PIN2 


Reewweneeuee ge 


wseaevewven 


5.4V TURN OFF 
(A) (B) 


FIGURE 17 (A) (B). SCHEMATIC REPRESENTATION OF SCRs 


In order for current to be pulled out of the base of SA2s pnp 
the voltage on the pnps emitter will have to be more positive 
than the voltage on the base. The voltage on the base is ref- 
erenced 7.5V above the output voltage by the zener diode 
stack between pin 4 and pin 6. When the voltage on pin 2 
reaches 6.8V (7.5V-1Vbe) above the output voltage, current 
flows and SA2 is gated on. With 6.8V above the output volt- 
age on C2, there is a sufficient voltage across SA2 to turn off 
SA1 by sinking 100% of SA1s anode current. 


SA2 could be triggered on before C2s voltage is sufficient to 
ensure that SA2 can sink 100% of SA1s current, by noise on 
pin 8. In this case SA1 goes into a high impedance state but 
does not turn off. This condition can exist if switch arcing trig- 
gers enough current through the inhibit capacitor to prema- 
turely turn on SA2. 


The Safe Operating Area (SOA) of the HV-2405E is defined 
by the voltage on C2 and the magnitude of the input current. 
Figure 18 shows the safe operating area of the HV-2405E. 


Under normal operating conditions the HV-2405E does not 
turn off the input current until the voltage on C2 is well above 
5V. Input currents larger than the safe turn off value in Figure 
10 do not present any problems as long as the HV-2405E 
does not attempt to interrupt them. 


During start up operation, power line noise, typically gener- 
ated by switch bounce/arcing, may accidently initiate input 
current turn off before C2 is charged. The application circuit 
shown in Figure 1 never permits the HV-2405E to operate 
outside the safe turn off current region so any false turn off 
signals have no effect. Also, once the capacitor is charged, 
noise causes no problems. 


For applications where there is little noise during start up, the 
external transistor and associated resistors are not needed. 
A 150pF capacitor connected to pin 4 helps keep the HV- 
2405E turned off until any switching noise dies out. Also the 
input resistor R1 may have to be increased to limit the input 
current to the allowable maximum. 


Some applications inherently have little start-up noise. EMI 
filters between the power switch and the HV-2405E greatly 
attenuate switch bounce noise. Likewise, the presences of 
large capacitors connected through bridge rectifiers act as 
filters. Solid-state relays that close at the line zero crossing 
generate little noise. Also, there is no problem if power is 
applied during the negative part of the line cycle. [The user is 
cautioned to verify the suitability of his application circuit. 
Contact Harris Applications for specific questions.] 


If the safe turn off current is exceeded, SA1 will fail as a 
short circuit. However, SA2 will continue to act, temporarily, 
as shunt regulator to keep the voltage on pin 2 from exceed- 
ing the safe limit of the post regulator. The voltage at pin 6 
will not change. Failure to use a properly rated fuse may 
cause Ri to reach dangerously high temperatures or cause 
the HV-2405E to crack or explode. 


ELECTRICAL 
OVERSTRESS 


SAFE AREA 
OF OPERATION 


INPUT CURRENT (A) 


PIN 2 (V) 


FIGURE 18. HV-2405E SAFE INTERRUPT CURRENT vs PIN 2 
VOLTAGE 
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Typical Performance Curves 


C2 (uF) 


RIPPLE VOLTAGE (mVp-p) 


| tet | tt 
SY aR SRE RM 
Tt tt te te eT EE 


12 16 20 24 28 32 36 40 44 48 
lout (mA) 


FIGURE 21. OUTPUT RIPPLE VOLTAGE vs LOAD CURRENT 


+75°C 
+85°C 


OUTPUT VOLTAGE (V) 


il 
MINT | | 
AA 


0 
20 30 40 50 60 70 80 90 100 110 120 130 
OUTPUT CURRENT (mA) 


FIGURE 23. OUTPUT CURRENT LIMIT (5Voy7) 50Hz 
50mA is the Maximum Recommended Output Current 


OUTPUT RIPPLE VOLTAGE (mVp-p) 


40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 


TEMPERATURE (°C) 
FIGURE 20. OUTPUT RIPPLE VOLTAGE vs TEMPERATURE 


CHIP PD (W) 


“"0 5 10 15 20 25 30 35 40 45+ 50 
lout (mA) 


FIGURE 22. CHIP POWER DISSIPATION vs OUTPUT CURRENT 


OUTPUT VOLTAGE (V) 


0 
20 30 40 50 60 70 80 90 100 110 120 130 


FIGURE 24. OUTPUT CURRENT LIMIT (24Voy7) 50Hz 
50mA is the Maximum Recommended Output Current 


5-28 


ELLIG 


ENT 


POWER ICs 


6-1 


FULL BRIDGES 
PAGE 
FULL BRIDGE SELECTION GUIDE ccccciisscadadcsssevccewseeedasadtnassénnsakees awa nanien bees 6-2 
FULL BRIDGE DATA SHEETS 
CA3275 DUA FUl BMG DAS o 60050 ciscdeeenackeeeeetereneeunes eeewne ene ee eee 6-3 
HIP4010 Power Full Bridge Driver for Low Voltage Motor Drive with Direction and Brake Control ...... 6-7 
HIP4011 Three Phase Brushless DC Motor Controller... 0.0.0... . ccc cece eee eee ee ees 6-11 
HIP4080 80V/2.5A Peak, High Frequency Full Bridge FET Driver...............0 0c cee ween 6-14 
HIP4080A 80V/2.5A Peak, High Frequency Full Bridge FET Driver...............2cc eee eeeee 6-28 
HIP4081 80V/2.5A Peak, High Frequency Full Bridge FET Driver............ 2... ccc e eee 6-41 
HIP4081A 80V/2.5A Peak, High Frequency Full Bridge FET Driver...............2.0eeeeeeee 6-54 
HIP4082 80V/1.25A Peak, Current Full Bridge FET Driver............ 0... cece cece cence 6-67 


uu 
o) 
= 
o 
88) 
- 
= 
— 
i 


Full Bridges Selection Guide 


PEAK NO LOAD 
OUTPUT SUPPLY MAXIMUM 
PART CURRENT VOLTAGE SUPPLY TARGETED 
NUMBER DESCRIPTION EACH DRIVE BIAS/BUS CURRENT APPLICATIONS 
CA3275 Dual Full Bridge Driver -150mA 8V to 16V | 20mA Instrumentation 


HIP4010 Low Voltage Motor Drive Power Full 0.55A 3V to 7V 5y/A (Typ) 3V - 5V Motors 
Bridge Driver 
HIP4011 3 Phase Motor Controller 10.4V to 13.2V Hall Effect Brushless 
Motors 


HIP4080 Full Bridge FET Driver With Bias Class D Amplifiers, 
Comparator, High Performance 8V to 16V Voice Coil, Motor Control 
Bus 
1V to 80V 


HIP4080A Full Bridge FET Driver U/V, ; Bias , Class D Amplifiers, Voice 
Comparator 9.5V to 16V Coil, Motor Control 
Bus 
1V to 80V 
HIP4081 Full Bridge FET Driver, High : Bias DC-DC Converters, 
Performance 6V to 16V Motor Control, UPS 
Bus 
1V to 80V 
HIP4081A Full Bridge FET Driver With U/V, , Bias ; DC-DC Converters, 
High Performance 9.5V to 16V Motor Control, UPS 
Bus 
1V to 80V 
HIP4082 Full Bridge FET Driver With U/V, . Bias UPS, Motor Control 
20kHz-200kHz 9.5V to 16V 
Bus 
1V to 80V 
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Features 

¢ Two Full Bridge Drivers 

e +150mA Maximum Current 

¢ Logic Controlled Switching 
Direction Control 
PWM loyr Control 
18V Over-Voltage Protection 
300mA Short-Circuit Protection 
Nominal 8V to 16V Operation 


Internal Voltage Regulation With Bandgap Reference 


Applications 


¢ Dual Full Bridge Driver For Air Core Gauge Instrumen- 


tation 

uP Controlled Sensor Data Displays 
Speedometer Displays 

Tachometer Displays 

Stepper Motors 


Slave Position Indicators 


Pinout 


CA3275 (PDIP) 
TOP VIEW 


Description 


The CA3275 Dual Full Bridge Driver is intended for general- 
purpose applications requiring Dual Full Bridge drive or 
switching, including direction and pulse-width modulation for 
position control. While all features of the IC may not be uti- 
lized or required, they would normally be used in instrumen- 
tation systems with quadrature coils, such as air-core 
gauges, where the coils would be driven at frequencies rang- 
ing from 200Hz to 400Hz. The coils are wrapped at 90° 
angles for independent direction control. Coils wound in this 
physical configuration are controlled by pulse width modula- 
tion, where each coil drive is a function of the sine or cosine 
versus degrees of movement. The direction control is used 
to change the direction of the current in the H-Driver coil. 


The switch rate capability of the IC is typically 30kHz regard- 
less of the inductive load. Over-current limiting is used to 
limit short circuit current. Over-voltage protection (in the 
range of 18V to 24V) causes the device to shut down the 
output current drive. Thermal shutdown limits power dissipa- 
tion on the chip. The CA3275 is supplied in a 14 lead dual- 
in-line plastic package. 


Ordering Information 


PART NO. TEMPERATURE | PACKAGE 


CA3275E -40°C to +85°C 14 Lead Plastic DIP 


Block Diagram 


CA3275 


Dual Full Bridge Driver 
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SENSOR & MICROPROCESSOR CA3275 
CONVERTER PHASE, DIRECTION DUAL- 
A/D, V/F, ETC & PWM CONTROL DRIVER 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications CA3275 


Absolute Maximum Ratings Thermal Information 
OBGRUNG Ver cccccnedacecepesiacaeseeae venbes ss ¥nees 16V Thermal Resistance Biya 
Transient Voc, 30 Seconds Maximum ..............2 eee 24V POP FRR on nck cme eankivsshasetestaeesnaes 100°C/W 
Peak Vcc, 0.4 Seconds Maximum ........... 20. c eee eee 40V Power Dissipation, Pp 
Maximum Continuous Output Current,.................5. +100mA UNTO FI Gu onc dan ceca ase nen bcceseteeaswessions 800mW 
Each Drive POO AI ES aco vin abuse bdwnnes ns Derate Linearly at 10mW/°C 
Maximum PWM Output Switching Current,............... +150mA Ambient Temperature Range 
Each Drive CN antec dxdwerineesaes 65se4e% 8 sein -40°C to +85°C 
ROE 6.ie4ci nivew ced sevewet intends een -55°C to +150°C 
Lead Temperature (During Soldering).................. +265°C 


At distance 1/16 + 1/32" (1.59 + 0.79mm) from case for 10s max 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, =-40°C to +85°C, Voc = 16V Unless Otherwise Specified 
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Switching Specifications 
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NOTE: 
1. No load, PWMA = PWMB = 5V, DIR A = DIRB = 0V 
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CA3275 


Vcc 


SHORT 
CIRCUIT 
PROTECTION 


SHORT 
CIRCUIT 
PROTECTION 

Q3 . 


Vcc 


SHORT 
CIRCUIT 
PROTECTION 


SHORT 
CIRCUIT 
PROTECTION 


INTERNAL VOLTAGE 
SUPPLY WITH 
BANDGAP REFERENCE 

OVERVOLTAGE PROTECTION 

AND THERMAL SHUTDOWN 

CIRCUITS 


SHORT SHORT 
CIRCUIT CIRCUIT 
PROTECTION PROTECTION 


SHORT 
CIRCUIT 
PROTECTION 


CIRCUIT 
PROTECTION 


FIGURE 1. CA3275 DUAL FULL BRIDGE DRIVER SCHEMATIC 
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FIGURE 2. QUADRATURE STEP-MOTOR APPLICATION SCHEMATIC 
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CA3275 


DIR LD L> COIL 
C, | C_INCLUDES PROBE AND TEST CAPACITANCE 
PWM LD 30pF 


DIR PULSE 


TEST CIRCUIT 1 


COIL OUTPUT 
TEST CONDITIONS: PWM = OV, Vs = 16V 


DIR PULSE PARAMETERS: 
F = 1kHz, W = 100us, TR= TF = ips, AMPL = 4V 


10% 


COIL OUTPUT 


TEST CONDITIONS: Vg = 16V 
DIR = OV WHEN TESTING COIL - OUTPUT 
DIR = 4V WHEN TESTING COIL + OUTPUT 


DIR LD | > COIL 


pwm [> C, CC, INCLUDES PROBE AND TEST FIXTURE CAPACITANCE 


30pF 


TEST CIRCUIT 2 


PWM PULSE 


PWM PULSE PARAMETERS: 
F = 1kHz, W = 100us, TR = TF = 1ps, AMPL = 4V 


Tsk-oFF , TsK-F 


COIL OUTPUT 


FIGURE 4. SINK SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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Power Full Bridge Driver for Low Voltage Motor 
Drive with Direction and Brake Control 


ADVANCE INFORMATION 
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Features 


¢ Two Independent Complementary MOS Output 
Half Bridge Drivers for Operation with Low 
Power Supply Voltages 


Load Switching Capabilities 
with +5V Power Supply 


Single Supply Range +3V to +7V 


Split Supply Option with a Negative Reference 
for the H-Switch Power Drivers 


Low Standby Current 

CMOS/TTL Compatible Input Logic 
Over-Temperature Protection 
Current-Overload Protection 
Over-Current Fault Flag Output 
Direction, Braking and PWM Control 


Applications 


e DC Motor Driver 
e¢ Relay Driver 
Solenoid Driver 
Stepper Motor Controller 
Air Core Gauge Instrument Driver 
Speedometer Displays 
Tachometer Displays 
Remote Power Switch 
+3V to +6V Battery Operated Switch Circuits 
Logic and Microcontroller Operated Switch 


Pinout 


HIP4010 (SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Description 


In the Functional Block Diagram of the HIP4010 the four switches 
and a load are arranged in an H-Configuration so that the drive 
voltage from terminals OUTA and OUTB can be cross-switched to 
change the direction of current flow in the load. This is commonly 
known as 4-quadrant load control. As shown in the Block Diagram, 
switches Q1 and Q4 are conducting or in an ON state when cur- 
rent flows from Vppa through Q1, through the load, and then 
through Q4 to terminal Vggg; where load terminal OUTA is at a 
positive potential with respect to OUTB. Switches Q1 and Q4 are 
operated synchronously by the control logic. The control logic 
switches Q3 and Q2 to an open or OFF state when Q1 and Q4 are 
switched ON. To reverse the current flow in the load, the switch 
States are reversed where Q1 and Q4 are OFF while Q2 and Q3 
are ON. Consequently, current then flows from Vppp through Q3, 
through the load, and through Q2 to terminal Vgsa, and load termi- 
nal OUTB is then at a positive potential with respect to OUTA. 


The positive power supply terminals are Vppa and Vppp and are 
internally connected on the chip. Terminals ENA and ENB are 
ENABLE Inputs for the Logic A and B Input Controls. The ILF out- 


put is an Over-Current Limit Fault Flag Output and indicates a fault 


condition for either Output A or B or both. While Vppa, Vppg and 
Vsg are the Power Supply reference terminals for the A and B Con- 
trol Logic Inputs and ILF Output, the Vssa and Vgsp Power Supply 
terminals are separate and independent from Vsg and may be 
more negative than the Vsg ground reference terminal. This is 
accomplished with the use of level shifting in the gate drive cir- 
cuitry to the NMOS (low-side) output stages. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


HIP40101B -40°C to +85°C 20 Lead Plastic SOIC (W) 


Block Diagram 


CONTROL 
LOGIC B 


[Loan | 


CONTROL 


LOGIC A 
OVER TEMP. AND CURRENT LIMIT, 
LEVEL SHIFT, DRIVE CONTROL 
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Specifications HIP4010 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage; Vop, and Vops to Vss OF Vgga OF Vgsg .----- *7V Thoritial AOSiSisnce, Gig . ine sean see 06058024 e880 Rs 90°C/W 
Neg. Output Supply Voltage, (Vssa,Vssp) ---- +--+ eee ees (Note 1) Power Dissipation 

DC Logic Input Voltage (Each Input) At *26°C (PIGG All) ca ccscsaecsasanatbaornnen dine ce 1.39W 
(deeteatanesidueseientnheeats (Vgg-0.5V) to (Vppa, Vopg +0.5V) Above +25°C................. Derate Linearly at 11.4mW/C 
DC Logic Input Current (Each Input) ..................08- +20mA Storage Temperature Range...............65. -65°C to +150°C 
ILF Fault Output Current............. 0. cece cee ee eee eee +20mMA Maximum Junction Temperature.............. eee eee +150°C 
Output Load Current, (Self Limiting, See Elec. Spec.)..... tlowimit) Lead Temperature (Soldering 10s) ..............+.-05. +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions T, = +25°C, Vsyppiy =Vppa = Vos = +5V, Vssa = Vssp = Vsg = OV; Unless Otherwise Specified 


Typical Operating Supply Voltage Range............. #31047V = Input Low Vollage, Vu. scan ccsetwctcaeseaasunacas OV to +0.8V 
Minimum Logic Supply Voltage (Vpp-Vgg). eee eee ee ee eee 42V = Input High Voltage, Vay. wn ccc even acne nnacccens +2.0V to Vop 
Typical NMOS Driver Rogon), 0.5A Load .........---e eee O60 input Resistance: ..ccsscctscsacs vascawevesenes wan 0.5TQ 
Typical PMOS Driver Rogony, 0.5A Load..........- ee eees 1.02 


Electrical Specifications Ta = +25°C; Vsuppty =Vppa = Vops = +5V, Vssa = Vssp = Vsg = OV; Unless Otherwise Specified 


CHARACTERISTICS SYMBOL TEST CONDITIONS )omin | TYP | MAX — UNITS 
V 


IsuPPLY 


Cin 
OH =U. 
OUTA, OUTB Voltage Low Vot Isink = 0.5A 
OUTA, OUTB Source Current Limiting | toumm | 
Vsuerv=+0\slsounce=09A | 225 | 25 | = | Vv 
OUTA, OUTB Voltage Low V 
tk 
tPHL 
te 


Vsuppty =+9V, ISInK = 0.3A 
Response Time: Ven to Vout 
'PLH 
NOTES: 


Turn-on: Prop Delay 

Rise Time 

Turn-off: Prop Delay 

Fall Time 

1. Vgg is the required common ground reference for the logic input switching. The load currents may be switched near the common ground 
reference by using a split supply for Vppa and Vopp to Vssa and Vssp. For an uneven split in the supply voltage, the Maximum Negative 
Output Supply Voltage to Vssq and Vsgz is limited by the Maximum Vop, and Vppg to Vssa and Vgsp ratings. For all operating conditions 
the required positive voltages On Vpop,a and Vppg must be equal and common. 

2. Refer to the TRUTH TABLE and the Ven to Voyt SWITCHING WAVEFORMS. Current, Ico refers to loyta Or loutg as the Output Load 
current. Note that ENA controls OUTA and ENB controls OUTB. Each Half H-Switch has independent control from the respective A1, 
A2, ENA or B1, B2, ENB inputs. Refer to the TERMINAL INFORMATION TABLE for external pin connections to establish mode control 
switching. Figure 1 shows a typical application circuit used to control a DC Motor. 


Io = 0.5A (Note 2) 


Specifications HIP4010 


TERMINAL INFORMATION TABLE 


Positive Power Supply pins; internally connected and must be externally connect to the same Positive Supply (V+). 
Negative Power Supply pin; Negative or Ground return for Switch Driver A. 
Negative Power Supply pin; Negative or Ground return for Switch Driver B. 


peg | Common Ground pin for the Input Logic Control circuits. 


Vss 
A1, B1 Input pins used to control the direction of output load current to/from OUTA and OUTB, respectively. When connect- 
ed, Ai and B1 can be controlled from the same logic signal to change the directional rotation of a motor. 
A2, B2 
ILF 


Input pins used to force a low state on OUTA and OUTB, respectively. When connected, A2 and B2 can be con- 
trolled from the same logic signal to activate Dynamic Braking of a motor. 

ENA, ENB Input pins used to Enable Switch Driver A and Switch Driver B, respectively. When Low, the respective output is in a 
high impedance (Z) off-state. Since each Switch Driver is independently controlled, OUTA and OUTB may be a sep- 
arately PWM controlled as Half H-Switch Drivers. 

OUTA, OUTB Respectively, Switch Driver A and Switch Driver B Output pins. 


ae Current Limiting Fault Output Flag pin; when in a high logic state, signifies that Switch Driver A or B or both are ina 


Current Limiting Fault Mode. 


SSWSSVseS®SSVe®ssSSSeseVeSVeSessSesssBseSeeesesBe2eqeesesesFeseeeeseeeesePFeseesesseseeseeeHeevessesess 


CONTROL 
LOGIC B 


LEVEL SHIFTER 
AND OC/OT LIMITER 
OVER-TEMP LIMIT 
ips 8 
2 
LEVEL SHIFTER 
AND OC/OT LIMITER 


CONTROL 
LOGICA 


uw 
Oo 
2 
re 
a 
I 
~d 
= 
re 


seSVeVBBSseseSBeSeHTB2FSeeSHeHlL_VSeseceseeseqeeseeseeqeseseeeeseaeqGeesesseveheeeeeane2eenesaheeae 


(LOGIC 
GROUND) V. 


FIGURE 1. TYPICAL HIP4010 MOTOR CONTROL APPLICATION CIRCUIT SHOWING DIRECTIONAL AND BRAKING CONTROL 


TRUTH TABLE 


VEN 
SWITCH DRIVER A SWITCH DRIVER B 50% 


L = Low logic level; H = High logic level 
Z = High Impedance (off state) 

OH = Output High (sourcing current to the output terminal) SWITCHING WAVEFORMS 
OL = Output Low (sinking current from the output terminal) 

X = Don’t Care 


HIP4010 


Applications 


The HIP4010 is designed to detect load current feedback 
from sampling resistors of low value in the source connec- 
tions of the output drivers to Vppa, Vops, Vssa and Vssp 
(See Figure 1). When the sink or source current at OUTA or 
OUTB exceeds the preset OC (Over-Current) limiting value 
of 550mA typical, the current is held at the limiting value. If 
the OT (Over-Temperature) Protection limit is exceeded, 
temperature sensing BiMOS circuits limit the junction tem- 
perature to 150°C typical. 


The circuit of Figure 1 shows a Low Voltage motor-driver 
application for the HIP4010 as a Full H-Switch. The left (A) 
and right (B) H-Switch’s are controlled from the A and B 
inputs via the A and BCONTROL LOGIC to the MOS output 
transistors Q1, Q2, Q3 and Q4. The circuit is intended to 
safely start, stop, and control rotational direction for a motor 
requiring no more than 0.5A of supply current. The stop 
function includes a Dynamic Braking feature. 


With the ENABLE Inputs Low, the MOS transistors Q1 and 
Q3 are OFF; which cuts-off supply current to OUTA and 
OUTB. With the BRAKE terminal Low and ENABLE Inputs 
High, either Q1 and Q4 or Q3 and Q2 will be driven into con- 
duction by the DIRECTION Input Control terminal. The MOS 
output transistor pair chosen for conduction is determined by 
the logic level applied to the DIRECTION control; resulting in 
either clockwise (CW) or counter-clockwise (CCW) shaft 
rotation. 


When the BRAKE terminal is switched high (while holding 
the ENABLE input high), the gates of both Q2 and Q4 are 
driven high. Current flowing through Q2 (from the motor ter- 
minal OUTA) at the moment of Dynamic Braking will con- 
tinue to flow through Q2 to the Vssq and Vssp external 
connection, and then continue through diode D4 to the motor 
terminal OUTB. As such, the resistance of the motor winding 


(BRAKE) 


ENA 
(ENABLE) 


(BRAKE) 


ENB 
(ENABLE) 


(and the series-connected path) dissipates the kinetic 
energy stored in the system. Reversing rotation, current 
flowing through Q4 (from the motor terminal OUTB), at the 
moment of Dynamic Braking, would continue to flow through 
Q4 to the Vssg and Vggsa tie, and then continue through 
diode D2 to the motor terminal OUTA, to dissipate the stored 
kinetic energy as previously described. 


Where Vppa and Vppg to Vsg are the Power Supply refer- 
ence terminals for the Control Logic, the lowest practical 
supply voltage for proper logic control should be no less than 
2.0V. The Vssq and Vssp terminals are separate and inde- 
pendent from Vsg and may be more negative than the Vss 
ground reference terminal. However, the maximum supply 
level from Vppa and Vpopgp to Vssa OF Vssg must not be 
greater than the Absolute Maximum Supply Voltage rating of 
7V. 


Terminals A1, B1, A2, B2, ENA and ENB are internally con- 
nected to protection circuits intended to guard the CMOS 
gate-oxides against damage due to electrostatic discharge. 
(See Figure 3) Inputs ENA, ENB, A1, B1 A2 and B2 have 
CD74HCT4000 Logic Interface Protection and Level Con- 
verters for TTL or CMOS input Logic. These inputs are 
designed to typically provide ESD protection up to 2kV. How- 
ever, these devices are sensitive to electrostatic discharge. 
Proper I.C. handling procedures should be followed. 


Vppa, Vos 


OUTA 


OUTB 


N-DR 
LIMIT 


VpDA 
D1 
Q1 
Q2 
D2 
Vssa 
VopB 
D3 
Q3 
Q4 
D4 


VssB 


FIGURE 2. EQUIVALENT CONTROL LOGIC A AND B SHOWN DRIVING THE OUTA AND OUTB OUTPUT DRIVERS 


nee HIP4011 


April 1994 Three Phase Brushless DC Motor Controller 
Features Description 
¢ 3A DC, 5A Peak Output Current The HIP4011 motor driver is intended for three phase Brush- 


less motor control at continuous output currents up to 3A. It 
accepts inputs from buffered Hall effect sensors and drives 
e Built-in “Free-Wheeling” Diodes three motor windings, regulating the current through an 
external current sensing resistor, according to an analog 

Output dv/dt Limited to Reduce EMI control input. Output “freewheeling” diodes are built in and 
External Dynamic Brake Control Switch With output dv/dt is limited to decrease the generated EMI. 
Undervoltage Sense Thermal and current limiting are used to protect the device 
from locked rotor conditions. A brake control input forces all 

¢ Thermal and Current Limiting Protects Against outputs to ground simultaneously to provide dynamic 
Locked Rotor Conditions braking, and an internal voltage sensor does the same when 


Provides Analog Current Sense and Reference Inputs _the supply drops below a predetermined switch point. Power 
down braking energy is stored in an external capacitor. 


¢ 16V Max. Rated Supply Voltage 


Decode Logic with Illegal Code Rejection 


Applications Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
HIP40111S ~40°C to +85°C 15 Pin Plastic SIP 
Surface Mount 


¢ Drive Spindle Motor Controller 


e 3 Phase Brushless DC Motor Controller 


e Brushless DC Motor Driver for 12V Battery Powered 
Appliances 


¢ Phased Driver for 12V DC Applications o 
¢ Logic Controlled Driver for Solenoids, Relays and e 
Lamps rea) 
= 

scams mencsthn sedans amit Siteopt au ch a = 
Pinout OUTPUT TRUTH TABLE ve 


HIP4011 (SIP) 
TOP VIEW 


SENSOR 
INPUTS OUTPUTS 


SGND = SIGNAL GROUND 
seo =specpcontro. || A | B | ¢ | Fark | A | B | C_ 


PGND PIN SV+ = SIGNAL V+ 
AB) MUST BE ISEN =ISENSE | ef OFF | OFF | OFF 
peer Fes EES EY [OFF | OFF | OFF | 
CONNECTED PV+ = POWER V+ 


OUTB = OUTPUT B aa OFF 
ISEN =ISENSE 

FBRK = FORCED BRAKE Po | 
OUTC = OUTPUTC 

PV+ = POWER V+ 
SENC = SENSE INPUT C 
SENB = SENSE INPUT B 
SENA = SENSE INPUT A 


OFF 


OFF] 1_ 


* Undervoltage and Force Brake logic truth table 
entries are identical. 


“XxX” = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2939.3 
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Specifications HIP4011 


Absolute Maximum Ratings Thermal Information 
Supply Voltage, SV+ or PV+......... 0c eee e eee eee -1Vto+16V Thermal Resistance Oya Bic 
Referred to SGND or PGND (Note 1) 15 Lead SIP Power Package.......... 45°C/W 3°C/W 
Ouioul Current, GonimiGus ins ccecckndnede ctdnesionnwabes 3A Power Dissipation (Note 3) ............ eee ee eee eee eee 25W 
Output Current, Peak (Note 2) .ciccicciscccsscscevscacves 5A ___ Junction Temperature Range, Operating ............... +150°C 
Substrate (PGND) Curent... .ccrccseevencae swe cow dswne es 1A Storage Temperature Range.................. -55°C to +150°C 
LOGS INU CUTGN, «+ ccadscneenavewsemewk oo -20mA to +20mA ___— Power Dissipation 
(Clamped to SV+ and SGND) Up to +125°C without heat sink............ 000s eae 0.56W 
Above +125°C without Heat Sink .. .Derate Linearly at 22mW/°C 
Up to +125°C with Infinite Heat Sink................. 8.33W 


Above +125°C with Infinite Heat Sink ..............0. eee eee 

PTET eT TTT CET ETT eT eer Derate Linearly at 333mW/C 
Lead Temperature (During Soldering) 

At a Distance 1/16 inch +1/32 inch (1.59mm +0.79mm) 

from Case for 108 Mak. ccc eccsceveccnvsvneisesaes +265°C 


NOTES: 
1. PV+ and SV+ are to be tied together, as are PGND and SGND. 
2. Operating above the continuous current rating causes a decrease in operating life. 
3. Derate power dissipation above case temperature of +75°C at 0.33 Watts/°C. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C and SV+ = PV+ = 10.4V to 13.2V, Unless Otherwise Specified 


[—rarawerens | __restcowomion [ww | P| wax] unTs 

SUPPLY (SV+) CURRENT 
ET NN 
[winowe —————~sdfupuson SSC 
LOGIC INPUT CURRENT 


LOGIC INPUT THRESHOLDS 


| Sensor Inputs 


Logic “0” Input Voltage 
Sensor Inputs Logic “1” Input Voltage 


Brake Input Logic “O” Input Voltage 


Nm 
b 


Brake Input 
AMPLIFIER INPUT (SPD) 


Logic “1” Input Voltage 


Bias Current 


Offset Voltage 


N 
i) 
o 
oo 
2| 5 


Input Range (Linear) 


Input Impedance 


= 
+e) 


x 
N 


System Bandwidth (Note 1) 


Rsense = 0.20Q 


H 


Current Limit 


THERMAL LIMIT 


GO OO 
fyseess CTC TT Cd 


HIP4011 


Electrical Specifications TT, = +25°C and SV+ = PV+ = 10.4V to 13.2V, Unless Otherwise Specified (Continued) 


[ranawerens__[__testconomion | ww ] me | wax | uNtS | 


FREEWHEEL DIODES 


Facewnecoes SSS 
Fomor dwt Cd 
[NTENALORAKEDAVER 


INTERNAL BRAKE DRIVER 


[Urdevotege TipPoniPve [enews «dT? dT 
ES 
[onsauwaton | eachNwston=se ———*+ |_| |v _ 


BRAKE CAPACITOR (BCAP) 


Discharge Leakage SVi=PVe=avio tev,BOAP=tov |---| A 


NOTES: 
1. The system bandwidth is fixed by an internal RC network around the amplifier. 
. Internal limiting of turn on and turn off drive is used to limit output dv/dt. 
. The braking action starts at the given trip point with a falling supply voltage. 
. Hysteresis causes the brake to be removed at a higher trip point with a rising supply voltage. 
. This value includes the combined voltage drops of one upper plus one lower switch at the indicated current. 
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Functional Block Diagram 
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SIGNAL 
GND | SGND 


SIGNAL preteen cena cece ete e eee e eet e eee e teen ene ene teen eneeesences — 
~~? “« VBS (BRAKE 110 ig 
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SENA ! ri * 
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A \ 
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N 1IimA K- ISEN 
ww 
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-_ SENSE 
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THREE PHASE BRUSHLESS CONTROLLER 
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a eee HIP4080 


80V/2.5A Peak, High Frequency 


April 1994 Full Bridge FET Driver 
Features Description 
e Drives N-Channel FET Full Bridge Including High Side The HIP4080 is a high frequency, medium voltage Full Bridge 
Chop Capability N-Channel FET driver IC, available in 20 lead plastic SOIC 


and DIP packages. The HIP4080 includes an input compara- 
Bootstrap Supply Max Voltage to 95VDC tor, used to facilitate the “hysteresis” and PWM modes of 


freewheel in the bottom two external power MOSFETs, main- 
Rise and Fall Times of Typically 10ns 

ene taining the upper power MOSFETs off. Since it can switch at 
e User-Programmable Dead Time frequencies up to 1MHz, the HIP4080 is well suited for driving 
* Charge-Pump and Bootstrap Maintain Upper Bias Voice Coil Motors, switching amplifiers in class D high-fre- 


quency switching audio amplifiers and power supplies. 


Supplies 

HIP4080 can also drive medium voltage brush motors, and 
DIS (Disable) Pin Pulls Gates Low two HIP4080s can be used to drive high performance step- 
¢ Input Logic Thresholds Compatible with 5V to 15V per motors, since the short minimum “on-time” can provide 


Logic Levels fine micro-stepping capability. 
¢ Very Low Power Consumption Short propagation delays of approximately 55ns maximizes 
control loop crossover frequencies and dead-times which 
A pp lications can be adjusted to near zero to minimize distortion, resulting 


in precise control of the driven load. 


* Medium/Large Voice Coll Motors The similar HIP 4081 IC allows independent control of all 4 


e Full Bridge Power Supplies FETs in an Full Bridge configuration. 
e Class D Audio Power Amplifiers 


¢ High Performance Motor Controls Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
HIP4080IP -40°C to +85°C + |20 Lead Plastic DIP 
HIP40801B -40°C to +85°C | 20 Lead Plastic SOIC (W) 


e Noise Cancellation Systems 


e Battery Powered Vehicles 


¢ Peripherals 


e U.P.S. 
Pinout Application Block Diagram 
HIP 4080 (PDIP, SOIC) 
TOP VIEW 
BHB [1 20] BHO 
HEN | 2| BHS 
Dis | 3| 18] BLO BHO 
Vss | 4| BLS BHS 
OUT 5 | 16 Vop HEN BLO 
IN+ [6] 15} Voc Ss 
IN- 14] ALS HIP4080 
HDEL | 8 143] ALO 
IN+ 
LDEL | 9| 142] AHS 
AHB |i0| 114] AHO 
GND GND 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 31 78.6 
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HIP4080 


Functional Block Diagram (1/2 HiP4080) 


om AHE HIGH VOLTAGE BUS < 80VDC 

40 

CHARGE LEVEL me] Nomen ao Jonver ao Raver ‘ 

Yoo my 

HEN [2 | > 7} TURN-oN 


DELAY 


TO Vpp (PIN 16) 
Dis }3 | > 0 
ouT [5| DRIVER +12VDC 
TURN-ON = BIAS 
IN+ 16 | DELAY SUPPLY 
> mae 

IN- : 14) 
HOGL 19 or  — ( ststsisi‘“(‘(‘(‘(‘é‘é‘«*driC md mcm 
LDEL 19 


Vss [4] 


Typical Application (Hysteresis Mode Switching) 
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Specifications HIP4080 


Absolute Maximum Ratings 


Supply Voltage, Vop ANd Veg... see cece eee eens -0.3V to 16V 
LOO U) VOURUGS xaacancensesauasensuees -0.3V to Vpp +0.3V 
Voltage on AHS, BHS................. -6.0V (Transient) to 88V 
Voltage on ALS, BLS ....... -2.0V (Transient) to +2.0V (Transient) 
Voltage on AHB, BGs <acekece Vans, BHS -0.3V to VaHS, BHS +16V, 

or 95V whichever is less 
Voltage on ALO, BLO.............. VaLs, acs -0.3V to Veco +0.3V 
Voltage on AHO, lg @ VaHs, BHS -0.3V to VaHB, BHB +0.3V 
Input Current, HDEL andLDEL.................. -5mA to OmA 
Pass SIGWHAG sc ict cccevse sees evannevenvaddweamen 20V/ns 


NOTE: All Voltages relative to pin 4, Vss, unless otherwise specified. 


Thermal Information 


Thermal Resistance Ba 
SOIC PACKINGS ssc ccscccencnvecscatewe sun yen +85°C/W 
DIP PAChAGG é cox ccsws ite saw er saperens are +75°C/W 

Maximum Power Dissipation at +85°C 
SOG PACKAGG: ccs cee nnddcwdendurmnn eens ane swe s 470mW 
DIP PACKEGG ones cs ccxesevseennts eee snaassneews 530mW 

Storage Temperature Range................-. -65°C to +150°C 

Operating Max. Junction Temperature ................. +125°C 

Lead Temperature (Soldering 10s) .............-. eee +300°C 


(For SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Supply Voltage, Vop and Voc... ee eee eee eee eee ee +8V to +15V 
VONAGE ON ALS, BLS csi essencs cnedenesecs ewes -1.0V to +1.0V 
Vane Gi Alia, Gloves e1kes2es nkeane ns eedne en ee -1V to 80V 


Voltage on AHB, BHB.......... VaHs, BHS +5V to VaHS, BHS +15V 
Input Current, HDEL and LDEL.. 0.0 se00 00s -500pA to -50nA 
Operating Ambient Temperature Range.......... -40°C to +85°C 


Electrical Specifications Vop = Vec = VaHB = VeyB = 12V, Vss = Vas = Ve_s = VaHs = VeHs = OV, Rupe a Riper = 100K, and 
T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL 


SUPPLY CURRENTS AND CHARGE PUMPS 
Vpp Quiescent Current 


Vpp Operating Current 
Vec Quiescent Current 
lato = Isto = 0 
Voc Operating Current 

AHB, BHB Quiescent Current - 
Qpump Output Current 

AHB, BHB Operating Current 


loco 
lave 'sHB 


Offset Votags 
Input Bias Current | ie | 
Input Offset Current | los 
Input Common Mode Voltage Range CMVR 
OUT High Level Output Voltage Von 
OUT Low Level Output Voltage L 
High Level Output Current 
Low Level Output Current 


fe) 
lot 
INPUT PINS: DIS 
Low Level Input Voltage Vit 
High Level Input Voltage Vin 
Input Voltage Hysteresis 
Low Level Input Current Nie 
High Level Input Current 


TEST CONDITIONS 


IN- = 2.5V, Other Inputs = OV 


Outputs switching f = 500kHz 
cc IN- = 2.5V, Other Inputs = OV, 


f = 500kHz, No Load 


IN- = 2.5V, Other Inputs = OV, lauo = 


IBHo = 9, Vop = Vec =Vane = Vena = 10V 


| AHBO» IBHBO f= 500kHz, No Load 


AHS, BHS, AHB, BHB Leakage Current lutK VaHs = VeHs = VaHB = VeuB = 95V 0.02 

AHB-AHS, BHB-BHS Qpump Vane - Vans | lap = lane = 0, No Load 12.6 14.5 
Output Voltage Veus - Ves 

INPUT COMPARATOR PINS: IN+, IN-, OUT 


Over Common Mode Voltage Range 


IN+ > IN-, loy = -OOHA 


IN+ < IN-, lot = 300A 
a 
a 


oa 
=~T oO 


| Me | Full Operating Conditions 
| Vin Full Operating Conditions 
ae Vin = OV, Full Operating Conditions 
S| Vin = 5V, Full Operating Conditions 


Ty =- 40°C 
Ty = +25°C TO +125°C 
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Specifications HIP4080 


Electrical Specifications = Vpp = Voc = Vans = Ven = 12V, Vss = Vats = Vets = Vas = Ves = OV, Riper = Riper = 100K, and 
Ta = +25°C, Unless Otherwise Specified (Continued) 


T,=- 40°C 
Ty = +25°C TO +125°C 
PARAMETERS SYMBOL UNITS 


_MIN | TyP | MAX] MIN | MAX | 
INPUT PINS: HEN 


[Low LavelinputVatage | Va [Fullperating Conations [| [1] [os] v_ 
High Level nputVotiage | Vin [Ful Operating Conations [25] | -[a7]-|v_ 
inputVotage Hysteresis +t SSS Ph | | | 
[Low Level input Current |__| Vn= 0 Ful Operating Conaitons | 260 | 200 | 60 | 270 | 100 uA 
High Level nput Curent | Iw _[Vn=8V,Ful'Operating Gonattons | 1 | - |] 0 | wo] va 


TURN-ON DELAY PINS: LDEL AND HDEL 


GATE DRIVER OUTPUT PINS: ALO, BLO, AHO, AND BHO 


Switching Specifications Vop = Voc oe VAHB = VeHB = 12V, Vss = Vats = Vets = VAHS = VeHs = OV, Ruper = Riper i 10K, 
C, = 1000pF, and T, = +25°C, Unless Otherwise Specified 


Ty =- 40°C 
| Ty=+425°C =| TO+125°C 
PARAMETERS SYMBOL | TEST CONDITIONS | MIN | TYP | MAX] MIN | MAX] UNITS 


Lower Turn-off Propagation Delay (IN+/IN- to ALO/BLO) 
Upper Turn-off Propagation Delay (IN+/IN- to AHO/BHO) 
Lower Turn-on Propagation Delay (IN+/IN- to ALO/BLO) Raper = Fiper = 10 
Upper Turn-on Propagation Delay (IN+/IN- to AHO/BHO) Rupet = Ripe. = 10 


Fall Time 
Turn-on Input Pulse Width Rupe = Riper = 10K 
Turn-off Input Pulse Width Tpwin-OFF Rupe = Riper = 10K 


Tr 

Tr 
Disable Turn-off Propagation Delay TpisLow 
(DIS - Lower Outputs) 


TEST CONDITIONS 


a 
oO 


A 


Disable Turn-off Propagation Delay TpISHIGH 
(DIS - Upper Outputs) 


Disable to Lower Turn-on Propagation Delay ToLPLH 
(DIS - ALO and BLO) 


Refresh Pulse Width (ALO and BLO) Trer-pw 

Disable to Upper Enable (DIS - AHO and BHO) 
HEN-AHO, BHO Turn-off, Propagation Delay Rupec = Riper = 10 
HEN-AHO, BHO Turn-on, Propagation Delay Rupet = Riper = 10K 


TRUTH TABLE 


A 


Oo 
i.e) 
io) Ni Pio 


N N N SN 
oO oO on oO 


OUTPUT 
IN+ > IN- 
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HIP4080 


Pin Descriptions 


PIN 
NUMBER | SYMBOL DESCRIPTION 


B High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of boot- 
strap diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 30pA out of this 
pin to maintain bootstrap supply. Internal circuitry clamps the bootstrap supply to approximately 12.8V. 


High-side Enable input. Logic level input that when low overrides IN+/IN- (Pins 6 and 7) to put AHO and BHO 
drivers (Pins 11 and 20) in low output state. When HEN is high AHO and BHO are controlled by IN+/IN- inputs. 
The pin can be driven by signal levels of OV to 15V (no greater than Vpp). An internal 100pA pull-up to Vpp will 
hold HEN high, so no connection is required if high-side and low-side outputs are to be controlled by IN+/IN- 


DiSable input. Logic level input that when taken high sets all four outputs low. DIS high overrides all other inputs. 
When DIS is taken low the outputs are controlled by the other inputs. The pin can be driven by signal levels of 
OV to 15V (no greater than Vpp). An internal 100A pull-up to Vpp will hold DIS high if this pin is not driven. 


p 4 Neg Chip negative supply, generally will be ground. 
a 5m OUTput of the input control comparator. This output can be used for feedback and hysteresis. 


Non-inverting input of control comparator. If IN+ is greater than IN- (Pin 7) then ALO and BHO are low level 
outputs and BLO and AHO are high level outputs. If IN+ is less than IN- then ALO and BHO are high level out- 
puts and BLO and AHO are low level outputs. DIS (Pin 3) high level will override IN+/IN- control for all outputs. 
HEN (Pin 2) low level will override IN+/IN- control of AHO and BHO. When switching in four quadrant mode, 
dead time in a half bridge leg is controlled by HDEL and LDEL (Pins 8 and 9). 


High-side turn-on DELay. Connect resistor from this pin to Vgg to set timing current that defines the turn-on delay 
of both high-side drivers. The low-side drivers turn-off with no adjustable delay, so the HDEL resistor guarantees 
no shoot-through by delaying the turn-on of the high-side drivers. HDEL reference voltage is approximately 5.1V. 


Low-side turn-on DELay. Connect resistor from this pin to Vgg to set timing current that defines the turn-on delay 
of both low-side drivers. The high-side drivers turn-off with no adjustable delay, so the LDEL resistor guarantees 
no shoot-through by delaying the turn-on of the low-side drivers. LDEL reference voltage is approximately 5.1V. 


A High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of boot- 
strap diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 30pA out of this 
pin to maintain bootstrap supply. Internal circuitry clamps the bootstrap supply to approximately 12.8V. 


es xe A High-side Output. Connect to gate of A High-side power MOSFET. 


A High-side Source connection. Connect to source of A High-side power MOSFET. Connect negative side of 
bootstrap capacitor to this pin. 


a A Low-side Output. Connect to gate of A Low-side power MOSFET. 


| ats [A Low-side | A Low-side Source connection. Connect to source of A Low-side power MOSFET. = connection. | A Low-side Source connection. Connect to source of A Low-side power MOSFET. = to source of A Low-side power MOSFET. 


aie Positive supply to gate drivers. Must be same potential as Vpp (Pin 16). Connect to anodes of two bootstrap 
diodes. 


| 16 | VD Positive supply to lower gate drivers. Must be same potential as Vcc (Pin 15). De-couple this pin to Vgg (Pin 4). 
17 BLS 


ie [80 


B Low-side Source connection. Connect to source of B Low-side power MOSFET. 


B Low-side Output. Connect to gate of B Low-side power MOSFET. 


B High-side Source connection. Connect to source of B High-side power MOSFET. Connect negative side of 
bootstrap capacitor to this pin. 


B High-side Output. Connect to gate of B High-side power MOSFET. 
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HIP4080 


Timing Diagrams 


THPHL 
DIS =0 


HEN =1 
IN+ > IN- TF 
ae i 


AHO 
BLO 
BHO 
meq aeel TuPLn 
TLPHL . Tr Tr 
oT (10% - 90%) (90% - 10%) 


FIGURE 1. BISTATE MODE 


THEN-PHL = THEN-PLH 


DIS =0 = 
ti, 
| 


IN+ > IN- 
ALO 
BLO 
BHO 
FIGURE 2. HIGH SIDE CHOP MODE 
TDLPLH Tois 
TREF-PW 
DIs id: s 
— a 


ALO 


BLO 


BHO 
TUEN 


FIGURE 3. DISABLE FUNCTION 
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HIP4080 


Typical Performance Curve$ Vop = Vec = Vans = Vane = 12V, Vss = Vats = Vets = Vans = Ves = OV, 
Rupe = Riper= 100K, and T, = +25°C, Unless Otherwise Specified 


=> 12.5 
E z 
Pa E 
z 12.0 
ra i 
a ra 
rs) = 115 
oO 
z > 
Ss 2 11.0 
2 
8 
= 10.5 
10 
200 400 600 800 1000 
Vpp SUPPLY VOLTAGE (V) SWITCHING FREQUENCY (kHz) 
FIGURE 4. QUIESCENT Ipp SUPPLY CURRENT vs Vpp FIGURE 5. Ippo , NO-LOAD Inn SUPPLY CURRENT vs FRE- 
SUPPLY VOLTAGE QUENCY (kHz) 


© 
Icc SUPPLY CURRENT (mA) 


FLOATING SUPPLY BIAS CURRENT (mA) 
a n 


| | 
| a i a 


0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000 
SWITCHING FREQUENCY (kHz) SWITCHING FREQUENCY (kHz) 


FIGURE 6. SIDE A, B FLOATING SUPPLY BIAS CURRENT vs FIGURE 7. I¢cgo, NO-LOAD I¢g SUPPLY CURRENT vs FRE- 
FREQUENCY (LOAD = 1000pF) QUENCY (kHz) TEMPERATURE 


~—LLELELLLELIL 
Ge an 2 a Sa 
ct CG a SS 
Tl 


COMPARATOR INPUT CURRENT (1A) 


FLOATING SUPPLY BIAS CURRENT (mA) 


0 200 400 600 800 1000 


FREQUENCY (kHz) JUNCTION TEMPERATURE (°C) 
FIGURE 8. Iaus, Igyg, NO-LOAD FLOATING SUPPLY BIAS FIGURE 9. COMPARATOR INPUT CURRENT |, vs TEMPERA- 
CURRENT vs FREQUENCY TURE AT Voy = 5V 
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HIP4080 


Typical Performance CurveS Vpp = Voc = Vane = Vee = 12V, Vss = Vats = Vets = Vans = Vans = OV, 
Ruper = Riper= 100K, and T, = +25°C, Unless Otherwise Specified (Continued) 
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. i 
zi 
ad wd 

> -220 
5 5 
i aa 

aa 

JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C) 
FIGURE 10. DIS LOW LEVEL INPUT CURRENT I, vs TEMPERA- FIGURE 11. HEN LOW LEVEL INPUT CURRENT I, vs TEMPER- 
ATURE 


15.0 
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< 
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a a” 
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ri a 5 
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$b : 
rs) p— 
3 12.0 < O 
: Z G 
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i 11.0 a. 
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_ = 
3 10.0 LL 
z 40 -20 20 40 60 80 100 120 
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C) 
FIGURE 12. AHB - AHS, BHB - BHS NO-LOAD CHARGE PUMP __ FIGURE 13. UPPER DISABLE TURN-OFF PROPAGATION 
VOLTAGE vs TEMPERATURE DELAY Tpisnich Vs TEMPERATURE 


PROPAGATION DELAY (ns) 
PROPAGATION DELAY (ns) 


ott] tt tt 
REERREEAREREROREM 
SRERRRARESTARRREEE 
-40 0 40 60 80 


JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C) 


FIGURE 14. DISABLE TO UPPER ENABLE Tygy PROPAGATION FIGURE 15. LOWER DISABLE TURN-OFF PROPAGATION 
DELAY vs TEMPERATURE DELAY Tpistow VS TEMPERATURE 
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HIP4080 


Typical Performance Curves Vop = Voc = VaHB = VBHB = 12V, Vss = VaLs = VaLs = VaHS = VBHs = OV, Ruper = Riper = 
10K, T, = +25°C and Ruper = Riper = 10K, Unless Otherwise Specified 


REFRESH PULSE WIDTH (ns) 


375 


THE 
0 00 120 


-20 


225 


175 


JUNCTION TEMPERATURE (°C) 


FIGURE 16. Tper¢.pw REFRESH PULSE WIDTH vs TEMPERA- 


PROPAGATION DELAY (ns) 


TURE 


20 40 60 80 
JUNCTION TEMPERATURE (°C) 


FIGURE 18. UPPER TURN-OFF PROPAGATION DELAY Typy, 


PROPAGATION DELAY (ns) 


vs TEMPERATURE 


20 
JUNCTION TEMPERATURE (°C) 


40 60 80 


FIGURE 20. LOWER TURN-OFF PROPAGATION DELAY Ti py. 


vs TEMPERATURE 


PROPAGATION DELAY (ns) 


PROPAGATION DELAY (ns) 


80 


20 40 60 80 


JUNCTION TEMPERATURE (°C) 


FIGURE 17. DISABLE TO LOWER ENABLE Tp) p,4, PROPAGA- 
TION DELAY vs TEMPERATURE 


20 40 60 80 
JUNCTION TEMPERATURE (°C) 


FIGURE 19. UPPER TURN-ON PROPAGATION DELAY Typ. y 


PROPAGATION DELAY (ns) 


vs TEMPERATURE 


fei [eee 
eee 


20 40 60 80 100 120 
JUNCTION TEMPERATURE (°C) 


FIGURE 21. LOWER TURN-ON PROPAGATION DELAY Tipiy 
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vs TEMPERATURE 


HIP4080 


Typical Performance Curves Vop = Voc = VaHB = VexB = 12V, Vss = VaLs = Vets = VaHs = VeHs = OV, Rupet = Riper = 
100K and T, = +25°C, Unless Otherwise Specified 


2125 > 

Ww £& 

= Ww 

Fas ea. =a 

: CEP a 

a Fost ttt EE EEE ET 
a 2 LL TT TTT Tt tty tty 
7 on eee 


a ‘- 
aster titi ti tit i 
40 -20 0 20 40 60 80 100 120 40 -20 0 20 40 60 80 100 120 
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (C) 
FIGURE 22. GATE DRIVE FALL TIME T; vs TEMPERATURE FIGURE 23. GATE DRIVE RISE TIME Ty, vs TEMPERATURE 
6.0 1500 


HDEL, LDEL INPUT VOLTAGE (V) 
a 
° 
TURN-OFF ON-STATE VOLTAGE (mV) 
~_ 
vi 
°o 


LJ 
4.5 U) 
PETE T EEE ETE TT TE c 
250 = 
EEEEE TT PTEEE PEELE a 
4.0 0 = 
40 -20 1) 20 40 60 80 100 120 = 
JUNCTION TEMPERATURE (°C) BIAS SUPPLY VOLTAGE (V) - 

FIGURE 24. Vine, Vupe, VOLTAGE vs TEMPERATURE FIGURE 25. HIGH LEVEL OUTPUT VOLTAGE, Vcc - Vox vs BIAS 


SUPPLY AND TEMPERATURE AT 100mA 


TURN-OFF ON-STATE VOLTAGE (mV) 
GATE DRIVE SINK CURRENT (A) 


6 8 10 12 14 
BIAS SUPPLY VOLTAGE (V) Vpp> Vee: Vans Veue (V) 


FIGURE 26. LOW LEVEL OUTPUT VOLTAGE Vp. vs BIASSUP- FIGURE 27. PEAK PULLDOWN CURRENT Ip vs BIAS SUPPLY 
PLY AND TEMPERATURE AT 100mA VOLTAGE 
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HIP4080 


Typical Performance Curves Vop = Voc = VaHB = VeHB = 12V, Vss = Vals = Vets = VaHs = Veys = OV, Ryper = Ripe = 
100K and T, = +25°C, Unless Otherwise Specified (Continued) 


~_ +} | | |< 
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200 
100 


GATE DRIVE SINK CURRENT (A) 
LOW VOLTAGE BIAS CURRENT (mA) 


1 2 5 10 20 50 100 200 500 1000 
Vom Vcc: Vans: Vexe (V) SWITCHING FREQUENCY (kHz) 


FIGURE 28. PEAK PULLUP CURRENT Ip, vs SUPPLY VOLTAGE FIGURE 29. LOW VOLTAGE BIAS CURRENT Ipp AND Ic 


(LESS QUIESCENT COMPONENT) vs 
FREQUENCY AND GATE LOAD CAPACITANCE 
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“ iy 60 
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FIGURE 30. HIGH VOLTAGE LEVEL-SHIFT CURRENT vs FIGURE 31. MINIMUM DEAD-TIME vs DEL RESISTANCE 


FREQUENCY AND BUS VOLTAGE 
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HIP4080 


HIP4080 Power-up Application Information 


The HIP4080 H-Bridge Driver IC requires external circuitry 
to assure reliable start-up conditions of the upper drivers. If 
not addressed in the application, the H-Bridge power MOS- 
FETs may be exposed to shoot-through current, possibly 
leading to MOSFET failure. Following the instructions below 
will result in reliable start-up. 


The HIP4080 does not have an input protocol like the 
HIP4081 that keeps both lower power MOSFETs off other 
than through the DIS pin. IN+ and IN- are inputs to a com- 
parator that control the bridge in such a way that only one of 
the lower power devices is on at a time, assuming DIS is low. 


8.2V 


However, keeping both lower MOSFETs off can be accom- 
plished by controlling the lower turn-on delay pin, LDEL, 
while the chip is enabled, as shown in Figure 32. Pulling 
LDEL to Vpp will indefinitely delay the lower turn-on delays 
through the input comparator and will keep the lower MOS- 
FETs off. With the lower MOSFETs off and the chip enabled, 
i.e. DIS = low, IN+ or IN- can be switched through a full 
cycle, properly setting the upper driver outputs. Once this is 
accomplished, LDEL is released to its normal operating 
point. It is critical that IN+/IN- switch a full cycle while LDEL 
is held high, to avoid shoot-through. This start-up procedure 
can be initiated by the supply voltage and/or the chip enable 
command by the circuit in Figure 32. 


FIGURE 32. 


12V, FINAL VALUE 
PERE SA ARI 7S SS A el RL RT ET 
mt 8.3V TO 9.1V (ASSUMING 5% ZENER TOLERANCE) 


TIMING DIAGRAM FOR FIGURE 32 


NOTE: 


1. Between t1 and t2 the IN+ and IN- inputs must cause the OUT pin to go through one complete cycle (transition order is not important). If 
the ENABLE pin is low after the under-voltage circuit is satisfied, the ENABLE pin will initiate the 10ms time delay during which the IN+ 


and IN- pins must cycle at least once. 


2. Another product, HIP4080A, incorporates undervoltage circuitry which eliminates the need for the above power up circuitry. 
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FIGURE 33. HIP4080 EVALUATION PC BOARD SCHEMATIC 


POWER SECTION 


CY R31 


() COM 


NOTES: 


1. CIRCUIT INSIDE DASHED AREA MUST BE HARD- 
WIRED AND IS NOT INCLUDED ON THE EVALU- 
ATION BOARD. 


2. DEVICE CD4069UB PIN 7 = COM, PIN 14 = +12V. 
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FIGURE 34. HIP4080 EVALUATION BOARD SILKSCREEN 


| FULL BRIDGE o 


O80¢%diH 


Pop HIP4080A 


PRELIMINARY 80V/2.5A Peak, High Frequency 
April 1994 Full Bridge FET Driver 


Features Description 


e Drives N-Channel FET Full Bridge Including High Side The HIP4080A is a high frequency, medium voltage Full 

Chop Capability Bridge N-Channel FET driver IC, available in 20 lead plastic 
SOIC and DIP packages. The HIP4080A includes an input 
comparator, used to facilitate the “hysteresis” and PWM 
Drives 1000pF Load at 1MHz in Free Air at +50°C with modes of operation. Its HEN (high enable) lead can force cur- 
Rise and Fall Times of Typically 10ns rent to freewheel in the bottom two external power MOSFETs, 
maintaining the upper power MOSFETs off. Since it can 
switch at frequencies up to 1MHz, the HIP4080A is well suited 
Charge-Pump and Bootstrap Maintain Upper Bias _ for driving Voice Coil Motors, switching amplifiers in class D 
Supplies high-frequency switching audio amplifiers and power supplies. 


DIS (Disable) Pin Pulls Gates Low HIP4080A can also drive medium voltage brush motors, 


Input Logic Thresholds Compatible with 5V to 15V and two HIP4080As can be used to drive high performance 
Logic Levels stepper motors, since the short minimum “on-time” can pro- 


vide fine micro-stepping capability. 


Bootstrap Supply Max Voltage to 95VDC 


User-Programmable Dead Time, 


Very Low Power Consumption 
Short propagation delays of approximately 55ns maximizes 


control loop crossover frequencies and dead-times which 
. : can be adjusted to near zero to minimize distortion, resulting 
Applications in precise control of the driven load. 


¢ Medium/Large Voice Coil Motors The similar HIP4081 IC allows independent control of all 4 
FETs in an Full Bridge configuration. 


Undervoltage Protection 


Full Bridge Power Supplies 


Class D Audio Power Amplifiers Ordert Inf, tf 
raering intormation 
High Performance Motor Controls g 


PART TEMPERATURE 
Noise Cancellation Systems NUMBER RANGE PACKAGE 


Battery Powered Vehicles 
Peripherals 
UPS. 

[HIPao@oATY | 40°C 19 ¥85°C [Die 


Pinout Application Block Diagram 


HIP4080A (PDIP, SOIC) 
TOP VIEW 


BHO 
BHS 


HEN BLO 


DIS 
HIP4080A 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. File Number 3658 1 
Copyright © Harris Corporation 1994 6-28 


HIP4080A 
Functional Block Diagram (1/2 HiP4080A) 
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Typical Application (Hysteresis Mode Switching) 
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Specifications HIP4080A 


Absolute Maximum Ratings 


Supply Voltage, Vopp ANd Voc... eee eee ee eee -0.3V to 16V 
Logie VO VONAGOS. ..5 ccc ciccenesaanwasans -0.3V to Vpp +0.3V 
Voltage on AHS, BHS................- -6.0V (Transient) to 88V 
Voltage on ALS, BLS ....... -2.0V (Transient) to +2.0V (Transient) 
Voltage on AHB, BHB......... Vans, BHs -0-3V to VAHS, BHs + 16V, 
or 95V whichever is less 
Voltage on ALO, BLO.............. VALs, Bis -0.3V to Veco +0.3V 
Voltage on AHO, BHO........ VaHs, BHS -0.3V to VaHB, BHB +0.3V 
Input Current, HDEL and LDEL .................. -5mA to OmA 
Phase Slew Rate ... 0.0.0... cece cece teens 20V/ns 


NOTE: All Voltages relative to pin 4, Vgs, unless otherwise specified. 


Thermal Information 


Thermal Resistance O54 
SOG PON O0G ks 2.063.566 0se5nwennnd ¥eeeswan’s +85°C/W 
DIP PACKAGG «cc csacccnavieccneweseasecewas +75°C/W 

Maximum Power Dissipation at +85°C 
PO POD ov ctad stent den nepnene mee eeen Cee nD 470mW 
DIP POCKS06 6 isc0 20458 nus eae ewes ee otaxedawe aes 530mW 

Storage Temperature Range.................. -65°C to +150°C 

Operating Max. Junction Temperature ................. +125°C 

Lead Temperature (Soldering 10s) ...............0 eee +300°C 


(For SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Supply Voltage, Vpp and Voc... eee eee eee eee +9.5V to +15V 
Volaoe ON ALS. BLS sis cc cscicdcasveseaaeesass -1.0V to +1.0V 
VONGOS ON AIS, BG. sac5 0 idk eeaaeeen skew dauees -1V to 80V 


Voltage on AHB, BHB «isc once ws VaHS, BHS +5V to VaHS, BHS +15V 
Input Current, HDEL and LDEL................ -500pA to -50nA 
Operating Ambient Temperature Range.......... -40°C to +85°C 


Electrical Specifications = Vpop = Voc = Vane = Vane = 12V, Vss = Vats = Vets = Vans = Ves = OV, Rupe = Riper = 100K, and 
T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL 
SUPPLY CURRENTS AND CHARGE PUMPS 
Vpp Quiescent Current 
Vpp Operating Current 
Vec Quiescent Current 


lato = Ito = 0 


Voc Operating Current 


AHB, BHB Quiescent Current - 
Qpump Output Current 


AHB, BHB Operating Current 
AHS, BHS, AHB, BHB Leakage Current 


AHB-AHS, BHB-BHS Qpump Vane - VaHsS 
Output Voltage VexHB ~ Ves 


INPUT COMPARATOR PINS: IN+, IN-, OUT 


lane eH 


lAHBO: !BHBO 


lHuK 


te 
| los 


Input Common Mode Voltage Range CMVR 


Ty=- 40°C 
TO +125°C 


Ty = +25°C 


TEST CONDITIONS 


IN- = 2.5V, Other Inputs = OV 
Outputs switching f = 500kHz, No Load 
C IN- = 2.5V, Other Inputs = OV, 


leco f = 500kHz, No Load 


IN- = 2.5V, Other Inputs = OV, layo = 
IBHo = 9; Vop = Voc =Vane = Vane = 10V 


f = 500kHz, No Load 


Vans = VeHs = Vans = Vane = 95V 
lAHB = lAHB = 0, No Load 


Over Common Mode Voltage Range 


IN+ > IN-, lon = -250nA 


Vin = OV, Full Operating Conditions 


Vin = 5V, Full Operating Conditions 
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Specifications HIP4080A 


Electrical Specifications Vop = Vcc = Vane = Vaue = 12V, Vsg = Vars = Vets = Vans = Veus = OV, Rupe = Ripe = 100K, and 


Ta = +25°C, Unless Otherwise Specified (Continued) 
tyes 
Ty = +25°C TO +125°C 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | MIN | MAX, ous 
INPUT PINS: HEN 
Low Level Input Votage [Ful Operating Conatins T= T= *[tOT - [ost Vv 
High Level Input Voltage 
 cueta niemuchooaciamiceananerand 
High Level Input Current 


TURN-ON DELAY PINS: LDEL AND HDEL 


LDEL, HDEL Voltage luDeL = Ieper = -100HA 


GATE DRIVER OUTPUT PINS: ALO, BLO, AHO, AND BHO 

Low Level Output Voltage lout = 100mA 
High Level Output Voltage 

Peak Pullup Current 

Peak Pulldown Current 

Under Voltage, Rising Threshold 
Under Voltage, Falling Threshold 
Under Voltage, Hysteresis 


+ Vout = OV 


ff 


i 
D 
. 
) 
m 
| 
T 
— 
° 
A 


Switching Specifications Vop = Voc = VAHB = VexHB = 12V, Vss = VaLs = Vets = VaHs = Ves = OV, Ruper 
C, = 1000pF, and T, = +25°C, Unless Otherwise Specified 


Ty = +25°C TO +125°C 
le 
Towa Turat Propagation Doky (WIND ALOBLO [Ta | ————~*4t +; *;~]-[s] =] | |g 
[Upper Tur-of Propagation Delay (Ne/N- wAROBHO) | Twa | +) eof -[rof m= || | & 
[Lower Turon Propagation Delay (NIN TO ALOLO}| Tia | _——~+4t- {| *{]-| [m=] | | % 
Upper Turn-on Propagation Delay (IN+/IN- to AHO/BHO) | Tun | ss f= | 70 | 110 a 140 | ns = 
Reetims Cd CT SC~s SC OY | | | 
Fartine SSCS i 
fTurvoninpurPuse wish «dC | —SSSSC*d OT | YO] | oo 
TTurofinputPusewisth «dC Trwmcorr | SSCSCid ST - | - PO] - | 
Fossum oupas Te  e 
(DIS - Lower Outputs) 
fos-upe ows pm Te 
(DIS - Upper Outputs) 
(os-aowaaiy fe Te 
(DIS - ALO and BLO) 
[Refresh Pulse Width (ALO andBLO) | Trerpw | C240 | 380 | 500] 200 | GOO] ns 
Disable to Upper Enable (DIS-AHO andBHO) [Turn | 480 | BOT - | 7507 ns 
|HEN-AHO, BHO Turn-off, Propagation Delay | Tuen-pan_|Ruver=Fioe.=10K | - | 40 | 70 7 - | 90 7 ns | 
| = | 6 | of - oT ne 

TRUTH TABLE 
Ces EN [SUN TCS 
a 2 ee ee ee ee ee 
ee ee ee ee ee ee 
a ee a eee ee ee ee ee 
a ee SO, ORE SN ees NE ee 
a ee ee ee ee ee ee ee 
Se a ee ee ee 


HIP4080A 


Pin Descriptions 


PIN 
NUMBER | SYMBOL DESCRIPTION 


1 BHB B High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of boot- 
strap diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 301A out of this 
pin to maintain bootstrap supply. Internal circuitry clamps the bootstrap supply to approximately 12.8V. 


High-side Enable input. Logic level input that when low overrides IN+/IN- (Pins 6 and 7) to put AHO and BHO 
drivers (Pins 11 and 20) in low output state. When HEN is high AHO and BHO are controlled by IN+/IN- inputs. 
The pin can be driven by signal levels of OV to 15V (no greater than Vpp). An internal 100pA pull-up to Vpp will 
hold HEN high, so no connection is required if high-side and low-side outputs are to be controlled by IN+/IN- 


inputs. 


DiSable input. Logic level input that when taken high sets all four outputs low. DIS high overrides all other inputs. 
When DIS is taken low the outputs are controlled by the other inputs. The pin can be driven by signal levels of 
OV to 15V (no greater than Vpp). An internal 100pA pull-up to Vpp will hold DIS high if this pin is not driven. 


Chip negative supply, generally will be ground. 
OUTput of the input control comparator. This output can be used for feedback and hysteresis. 


Noninverting input of control comparator. If IN+ is greater than IN- (Pin 7) then ALO and BHO are low level out- 
puts and BLO and AHO are high level outputs. If IN+ is less than IN- then ALO and BHO are high level outputs 
and BLO and AHO are low level outputs. DIS (Pin 3) high level will override IN+/IN- control for all outputs. HEN 
(Pin 2) low level will override IN+/IN- control of AHO and BHO. When switching in four quadrant mode, dead 
time in a half bridge leg is controlled by HDEL and LDEL (Pins 8 and 9). 


Inverting input of control comparator. See IN+ (Pin 6) description. 


High-side turn-on DELay. Connect resistor from this pin to Vg to set timing current that defines the turn-on delay 
of both high-side drivers. The low-side drivers turn-off with no adjustable delay, so the HDEL resistor guarantees 
no shoot-through by delaying the turn-on of the high-side drivers. HDEL reference voltage is approximately 5.1V. 


Low-side turn-on DELay. Connect resistor from this pin to Vgg to set timing current that defines the turn-on delay 
of both low-side drivers. The high-side drivers turn-off with no adjustable delay, so the LDEL resistor guarantees 
no shoot-through by delaying the turn-on of the low-side drivers. LDEL reference voltage is approximately 5.1V. 


A High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of boot- 


strap diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 30,A out of this 
pin to maintain bootstrap supply. Internal circuitry clamps the bootstrap supply to approximately 12.8V. 


A High-side Output. Connect to gate of A High-side power MOSFET. 


A High-side Source connection. Connect to source of A High-side power MOSFET. Connect negative side of 
bootstrap capacitor to this pin. 


A Low-side Output. Connect to gate of A Low-side power MOSFET. 
A Low-side Source connection. Connect to source of A Low-side power MOSFET. 


Positive supply to gate drivers. Must be same potential as Vpp (Pin 16). Connect to anodes of two bootstrap 
diodes. 


Positive supply to lower gate drivers. Must be same potential as Vog (Pin 15). De-couple this pin to Vg (Pin 4) 
B Low-side Source connection. Connect to source of B Low-side power MOSFET. 


B Low-side Output. Connect to gate of B Low-side power MOSFET. 


B High-side Source connection. Connect to source of B High-side power MOSFET. Connect negative side of 
bootstrap capacitor to this pin. 


B High-side Output. Connect to gate of B High-side power MOSFET. 
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Timing Diagrams 
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FIGURE 3. DISABLE FUNCTION 
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HIP4080A 


Typical Performance Curves Vop = Voc = VaHB = VeHB = 12V, Vss = Vas = Vets = VaHs = Vays = OV, Rupet = Riper = 
100K, and T, = +25°C, Unless Otherwise Specified 
13 
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HIP4080A 


Typical Performance Curves Vpop = Vec = Vane = Vane = 12V, Vss = Vacs = Vets = Vans = Vers = OV, Rupe = Riper = 
100K, and T, = +25°C, Unless Otherwise Specified (Continued) 
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HIP4080A 


Typical Performance Curves Vop = Voc = VaHB = VeyB = 12V, Vss = Vas = Vets = VaHs = Veys = OV, Ruper = Riper = 
10K, and Ty, = +25°C, Unless Otherwise Specified 
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100K, and T, = +25°C, Unless Otherwise Specified 
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HIP4080A 


Typical Performance Curves Vop = Voc = VaHB = VexHB = 12V, Vss = Vas = Vets = VaHs = VeuHs = OV, Rupert = Riper = 
100K, and T, = +25°C, Unless Otherwise Specified (Continued) 
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LEVEL-SHIFT CURRENT (A) 
a” o 
oS oO 


i] 
o 


10 
10 20 50 100 200 500 1000 


SWITCHING FREQUENCY (kHz) 


FIGURE 30. HIGH VOLTAGE LEVEL-SHIFT CURRENT vs 
FREQUENCY AND BUS VOLTAGE 


150 


© 
°o 


DEAD-TIME (ns) 
o 
So 


30 


0 
10 50 100 


QUIESCENT COMPONENT) vs FREQUENCY AND 
GATE LOAD CAPACITANCE 


BIAS SUPPLY VOLTAGE, Vpp (V) 


50 25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 
FIGURE 31. UNDERVOLTAGE LOCKOUT vs TEMPERATURE 


150 200 250 


HDEL/LDEL RESISTANCE (kQ) 
FIGURE 32. MINIMUM DEAD-TIME vs DEL RESISTANCE 


6-38 


6e-9 


IN2 IN1 +12V POWER SECTION 


7 () B+ 
_ 2 cs 
ROL LOGIC DRIVER SECTION 
SECTION G 
() AO 
() BO 
C2 
CD4069UB CX CY R31 
OC COM 
bol => 
BLS 
NOTE: 


DEVICE CD4069UB PIN 7 = COM, PIN 14 = +12V. 


FIGURE 33. HIP4080A EVALUATION PC BOARD SCHEMATIC 


FULL BRIDGE 


VO80tdlIH 


Ov-9 


FIGURE 34. HIP4080A EVALUATION BOARD SILKSCREEN 
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ieaneaereyith HIP4081 


80V/2.5A Peak, High Frequency 
April 1994 Full Bridge FET Driver 


Features Description 


e Independently Drives 4 N-Channel FET in Half Bridge The HIP4081 is a high frequency, medium voltage Full 

or Full Bridge Configurations Bridge N-Channel FET driver IC, available in 20 lead plastic 
SOIC and DIP packages. The HIP4081 can drive every pos- 
sible switch combination except those which would cause a 
Drives 1000pF Load at 1MHz in Free Air at +50°C with shoot-through condition. The HIP4081 can switch at fre- 
Rise and Fall Times of Typically 10ns quencies up to 1MHz and is well suited to driving Voice Coil 
Motors, high-frequency Class D audio amplifiers, and power 
supplies. 


Bootstrap Supply Max Voltage to 95VDC 


User-Programmable Dead Time 


On-Chip Charge-Pump and Bootstrap Upper Bias 


For example, the HIP4081 can drive medium voltage brush 
Supplies 


motors, and two HIP4081s can be used to drive high perfor- 

DIS (Disable) Overrides Input Control mance stepper motors, since the short minimum “on-time” 
can provide fine micro-stepping capability. 

Input Logic Thresholds Compatible with 5V to 15V 

Logic Levels Short propagation delays of approximately 55ns maximizes 

control loop crossover frequencies and dead-times which 

can be adjusted to near zero to minimize distortion, resulting 

in rapid, precise control of the driven load. 


Very Low Power Consumption 


Ap P lications A similar part, the HIP4080, includes an on-chip input com- 
Medium/Large Voice Coil Motors parator to create a PWM signal from an external triangle 
wave and to facilitate “hysteresis mode” switching. 


Full Bridge Power Supplies 
Class D Audio Power Amplifiers Ordering Information 


High Performance Motor Controls PART TEMPERATURE nee 
Noise Cancellation Systems NUMBER RANGE 


HIP4081IP -40°C to +85°C | 20 Lead Plastic DIP 
Battery Powered Vehicles HIPAOStIP : 

HIP40811B -40°C to +85°C | 20 Lead Plastic SOIC (W) 
Peripherals 


U.P.S. 


FULL BRIDGE 


Pinout Application Block Diagram 


HIP4081 (PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3 556.4 
Copyright © Harris Corporation 1994 6-41 


HIP4081 


Functional Block Diagram (1/2 HIP4081) 
HIGH VOLTAGE BUS < 80VDC 
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Typical Application (PWM Mode Switching) 
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Specifications HIP4081 


Absolute Maximum and Thermal Ratings 


Supply Voltage, Vpp and Voc... ... cece eee eee ee -0.3V to 16V Storage Temperature Range.................. -65°C to +150°C 
LOG WO VONRUGS .neccccedvesnseseooneecs -0.3V to Vpp +0.3V Operating Max. Junction Temperature ...............6.. +125°C 
Voltage on AHS, BHS...........eenee -6.0V (Transient) to 88V Lead Temperature (Soldering 10S) ............e eevee +300°C 
Voltage on ALS, BLS ....... -2.0V (Transient) to +2.0V (Transient) (For SOIC - Lead Tips Only) 
Voltage on AHB, BHB......... Vans, BHS ~0-3V to Vans pHs +16V, Thermal Resistance, Junction-Ambient 

or 95V, whichever is less SOW PaChtGes vcca750c00ce ns suechacnkouauwes aus 85°C/W 
Voltage on ALO, BLO.............. Vacs, Bis -0-3V to Voc +0.3V DIP PaGKGOG 5.4 cseneee see caces ase eaurseresennixs 75°C/W 
Voltage on AHO, BHO ........ Vans, BHS -0-3V to Vag, pHa +0.3V Maximum Power Dissipation at +85°C 
input Current, HDEL and LDEL wu. snes cccnesanien -5mA to OMA MU PARKOUR. isc csr obncad dds cient dentaas eoas 470mW 
PHSS6 SIGOW AGG ccs cccccascacncasvcdewanwescuans 20V/ns DIP FOGKEOG 6 4464.080000n conn 0o0.0054 00844 e One® 530mW 


NOTE: All voltages are relative to pin 4, Vss, unless otherwise specified. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Supply Voltage, Vop and Voc... . cece eee eee eens +6V to+15V Voltage on AHB, BHB.......... Vans, BHS t5V to Vans pHs +15V 
WONsEO6 ON ALS, BLS .cucancrag eax dies dene eee -1.0V to+1.0V Input Current, HDEL and LDEL................ -500pA to -50A 
Voltage of AHS, BHS. visdscicass sacancceseacvens -1V to 80V. Operating Ambient Temperature Range.......... -40°C to +85°C 


Electrical Specifications Vop = Voc = VaHB = VeyB = 12V, Vss = VaLs = Vais = VaHs = Veus = OV, Rupet = Ripe = 100K and 
Ta = +25°C, Unless Otherwise Specified 


Tys = -40°C 
Ty=+25°C [T0+125°C 


[Min | TyP | MAX} MIN | MAX 
SUPPLY CURRENTS AND CHARGE PUMPS 


Veo OvesconGuren «| t>arusev sd 7 ToT fo] ee] ma 
Noo Operinacuren | oo _[Oupusswicnngr=eoowre | © [os [7 | a] ma 
Por 
ec Opeaing Curent «tow =s00wie Nokeed | 
Qpump Output Current Vop = Vec = Vans = Vans = 10V 


AHB-AHS, BHB-BHS Qpump VaHe-VaHs | lane = lang = 0, No Load 
Output Voltage VeHe-VBHs 


INPUT PINS: ALI, BLI, AHI, BHI, AND DIS 


Low Level Input Voltage Vit Full Operating Conditions 


PARAMETER SYMBOL TEST CONDITIONS 
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Low Level Input Current hie Vin = OV, Full Operating Conditions 
High Level Input Current li Vin = 5V, Full Operating Conditions 


TURN-ON DELAY PINS: LDEL AND HDEL 
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LDEL, HDEL Voltage Vupew Viper | lupe = ILper = -100HA 


GATE DRIVER OUTPUT PINS: ALO, BLO, AHO, AND BHO 


Low Level Output Voltage Voi lout = 100mA 
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Specifications HIP4081 


Switching Specifications Vop = Voc = VaHB = VeyB = 12V, Vss = Vas = VaLs we VaHs = Veus = OV, Rupe = Riper = 10K, 
Cy = 1000pF 


Tus = -40°C 
Ty = +25°C TO +125°C 


PARAMETER 


ai 


N “ a | 

on oO Oo 
~ _ 
sands 
S S 


Lower Turn-off Propagation Delay 
(ALI-ALO, BLI-BLO) 


Upper Turn-off Propagation Delay 
(AHI-AHO, BHI-BHO) 


Lower Turn-on Propagation Delay 
(ALI-ALO, BLI-BLO) 


Upper Turn-on Propagation Delay 
(AHI-AHO, BHI-BHO) 


Turn-on Input Pulse Width Tpwin-On So 


Disable Turn-off Propagation Delay TpisLow 
(DIS - Lower Outputs) 
Disable Turn-off Propagation Delay TpISHIGH 
(DIS - Upper Outputs) 


a 
L_2| 
=| 
Ey 
40 


Disable to Lower Turn-on Propagation Delay TDLPLH 70 
(DIS - ALO and BLO) 
pofesh Puce wath (ALO and@to) | Trerew | ___—_—_—_—* 60 | 20 | 900. 


TRUTH TABLE 


INPUT OUTPUT 


X 


NOTE: X signifies that input can be either a “1” or “0”. 
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Pin Descriptions 


PIN 
NUMBER | SYMBOL DESCRIPTION 


B High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of boot- 
strap diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 30pA out of this 
pin to maintain bootstrap supply. Internal circuitry clamps the bootstrap supply to approximately 12.8V. 


B High-side Input. Logic level input that controls BHO driver (Pin 20). BLI (Pin 5) high level input overrides BHI 
high level input to prevent half-bridge shoot-through, see Truth Table. DIS (Pin 3) high level input overrides BHI 
high level input. The pin can be driven by signal levels of OV to 15V (no greater than Vpp). An internal 100nA 
pull-up to Vpp will hold BHI high, so no connection is required if high-side and low-side outputs are to be con- 
trolled by the low-side input. 


DiSable input. Logic level input that when taken high sets all four outputs low. DIS high overrides all other inputs. 
When DIS is taken low the outputs are controlled by the other inputs. The pin can be driven by signal levels of 
OV to 15V = greater than ore! An internal 100A pull-up to Vpp will hold DIS high if this pin is not driven. 


B Low-side Input. Logic level input that controls BLO driver (Pin 18). If BHI (Pin 2) is driven high or not connected 
externally then BLI controls both BLO and BHO drivers, with dead time set by delay currents at HDEL and LDEL 
(Pin 8 and 9). DIS (Pin 3) high level input overrides BLI high level input. The pin can be driven by signal levels 
of OV to 15V (no greater than Vpp). An internal 100pA pull-up to Vpp will hold BLI high if this pin is not driven. 


A Low-side Input. Logic level input that controls ALO driver (Pin 13). If AHI (Pin 7) is driven high or not connected 
externally then ALI controls both ALO and AHO drivers, with dead time set by delay currents at HDEL and LDEL 
(Pin 8 and 9). DIS (Pin 3) high level input overrides ALI high level input. The pin can be driven by signal levels 
of OV to 15V (no greater than Vpp). An internal 100pA pull-up to Vpp will hold ALI high if this pin is not driven. 


A High-side Input. Logic level input that controls AHO driver (Pin 11). ALI (Pin 6) high level input overrides AHI 
high level input to prevent half-bridge shoot-through, see Truth Table. DIS (Pin 3) high level input overrides AHI 
high level input. The pin can be driven by signal levels of OV to 15V (no greater than Vpp). An internal 100A 
pull-up to Vpp will hold AHI high, so no connection is required if high-side and low-side outputs are to be con- 
trolled by the low-side input. 


High-side turn-on DELay. Connect resistor from this pin to Vgg to set timing current that defines the turn-on delay 
of both high-side drivers. The low-side drivers turn-off with no adjustable delay, so the HDEL resistor guarantees 
no shoot-through by delaying the turn-on of the high-side drivers. HDEL reference voltage is approximately 5.1V. 


Low-side turn-on DELay. Connect resistor from this pin to Vgz to set timing current that defines the turn-on delay 
of both low-side drivers. The high-side drivers turn-off with no adjustable delay, so the LDEL resistor guarantees 
no shoot-through by delaying the turn-on of the low-side drivers. LDEL reference voltage is approximately 5.1V. 


A High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of boot- 
strap diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 30y/A out of this 
pin to maintain bootstrap supply. Internal sell clamps the bootstrap supply to approximately 12.8V. 


bootstrap capacitor to this pin. 


A Low-side Output. Connect to gate of A Low-side power MOSFET. 


A Low-side Source connection. Connect to source of A Low-side power MOSFET. 


ate Positive supply to gate drivers. Must be same potential as Vpp (Pin 16). Connect to anodes of two bootstrap 
diodes. 


ha he AHS A High-side Source connection. Connect to source of A High-side power MOSFET. Connect negative side of 


Positive supply to lower gate drivers. Must be same potential as Voc (Pin 15). De-couple this pin to Vgg (Pin 4). 
B Low-side Source connection. Connect to source of B Low-side power MOSFET. 
B Low-side Output. Connect to gate of B Low-side power MOSFET. 


B High-side Source connection. Connect to source of B High-side power MOSFET. Connect negative side of 
bootstrap capacitor to this pin. 


BHO B High-side Output. Connect to gate of B High-side power MOSFET. 


6-45 


FULL BRIDGE 


HIP4081 


Timing Diagrams 


X = AOR B, AAND B HALVES OF BRIDGE CONTROLLER ARE INDEPENDENT 


TLPHL THPHL 
—— 


DIS =0 
en 
XHI , Cy 
XLO ae 
XHO 9 ur 


<i 


THPLH TLPLH Tr TF 
(10% - 90%) (10% - 90%) 


FIGURE 1. INDEPENDENT MODE 


DIS = 0 


XU 


XHI = HI OR NOT CONNECTED 


XLO 


XHO 


FIGURE 2. BISTATE MODE 


TpLPLH Tois 


DIS TREF-PW 
Xu ime 


i a ae 
XLO 


XHO 
THEN 


FIGURE 3. DISABLE FUNCTION 
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HIP4081 


Typical Performance Curves Vop = Veco = VaHB = VexB = 12V, Vss = Vas = Vets = Vans = Veus = OV, Rupe = Ri per = 
100K and T, = +25°C, Unless Otherwise Specified 


Ipp SUPPLY CURRENT (mA) 
SUPPLY CURRENT (mA) 


6 8 10 12 14 0 100 200 300 400 500 600 700 800 900 1000 


Vpp SUPPLY VOLTAGE (V) SWITCHING FREQUENCY (kHz) 
FIGURE 4. QUIESCENT Ipp SUPPLY CURRENT vs Vpp FIGURE 5. Ippo, NO-LOAD Ipp SUPPLY CURRENT vs 
SUPPLY VOLTAGE FREQUENCY (kHz) 


FLOATING SUPPLY BIAS CURRENT (mA) 
lcc SUPPLY CURRENT (mA) 


Ww 
rs 
ra 
o 
= 
= 
L. 


0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000 


SWITCHING FREQUENCY (kHz) SWITCHING FREQUENCY (kHz) 
FIGURE 6. SIDE A, B FLOATING SUPPLY BIAS CURRENT vs FIGURE 7. Ic¢co, NO-LOAD Icg SUPPLY CURRENT vs 
FREQUENCY (LOAD = 1000pF) FREQUENCY (kHz) TEMPERATURE 


FLOATING SUPPLY BIAS CURRENT (mA) 
LOW LEVEL INPUT CURRENT (A) 


“9 200 400 600 800 1000 -50 “25 0 25 50 75 100-125 
SWITCHING FREQUENCY (kHz) JUNCTION TEMPERATURE (°C) 
FIGURE 8. lane, Igyg NO-LOAD FLOATING SUPPLY CURRENT FIGURE 9. ALI, BLI, AHI, BHILOW LEVEL INPUT CURRENT |, 
vs FREQUENCY vs TEMPERATURE 
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Typical Performance Curves Vop = Voc = VaHB = VeHB = 12V, Vss = VaLs = VeLs = VaHS = Vays = OV, Rupe = Ripe = 
100K and T, = +25°C, Unless Otherwise Specified (Continued) 


PROPAGATION DELAY (ns) 


NO-LOAD FLOATING CHARGE PUMP VOLTAGE (V) 


. 30 
40 -20 0 100 120 40 -20 0 20 40 #60 #80 100 120 
JUNCTION TEMPERATURE — JUNCTION TEMPERATURE (°C) 
FIGURE 10. AHB - AHS, BHB - BHS NO-LOAD CHARGE PUMP FIGURE 11. UPPER DISABLE TURN-OFF PROPAGATION 
VOLTAGE vs TEMPERATURE DELAY Tpisnich Vs TEMPERATURE 
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FIGURE 12. DISABLE TO UPPER ENABLE Tygy PROPAGA- FIGURE 13. LOWER DISABLE TURN-OFF PROPAGATION 
TION DELAY vs TEMPERATURE DELAY Tpisto VS TEMPERATURE 
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REFRESH PULSE WIDTH (ns) 
PR 
~ 
oi 
PROPAGATION DELAY (ns) 


100 120 40 -20 0 20 40 60 80 100 120 
JUNCTION TEMPERATURE — JUNCTION TEMPERATURE (°C) 
FIGURE 14. Tper.pw REFRESH PULSE WIDTH vs TEMPERA- FIGURE 15. DISABLE TO LOWER ENABLE Tp, p_xyp PROPAGA- 
TURE TION DELAY vs TEMPERATURE 
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HIP4081 


Typical Performance CurveS Vpp = Vcc = Vans = Vane = 12V, Vss = Vas = Vets = Vans = Vans = OV, Rupe = Riper = 
10K and T, = +25°C, Unless Otherwise Specified 


tery | | 
a1 | | Pt tT tt 


PROPAGATION DELAY (ns) 
PROPAGATION DELAY (ns) 


40 -20 0 20 40 60 80 100 120 40 -20 0 20 40 60 80 100 120 
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C) 
FIGURE 16. UPPER TURN-OFF PROPAGATION DELAY Typ, FIGURE 17. UPPER TURN-ON PROPAGATION DELAY Typ. VS 
vs TEMPERATURE TEMPERATURE 
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JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C) 
FIGURE 18. LOWER TURN-OFF PROPAGATION DELAY T, py FIGURE 19. LOWER TURN-ON PROPAGATION DELAY T,p,yvs 
vs TEMPERATURE TEMPERATURE 
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FIGURE 20. GATE DRIVE FALL TIME T- vs TEMPERATURE FIGURE 21. GATE DRIVE RISE TIME Tp, vs TEMPERATURE 
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Typical Performance Curves Vop = Voc = VaHB = VBHB = 12V, Vss = Vas = Vets = VaHs = VeyHs = OV, Ruper = Riper = 
100K and T, = +25°C, Unless Otherwise Specified 


6.0 1500 
RESURER TRESS CRT ee ee ee ee ee ee ee 
ee 
w Ww 
O 5.5 g 
< 5 
eT ro) 1000 
Oo > 
- put) 
5 = ei 
a 5.0 = 750 
z Q 
rT g 
2 u 500 
mH 4.5 3 
=x 5 250 
= 
4.0 0 
JUNCTION TEMPERATURE (°C) BIAS SUPPLY VOLTAGE (V) 
FIGURE 22. Vine, Vupe, VOLTAGE vs TEMPERATURE FIGURE 23. HIGH LEVEL OUTPUT VOLTAGE Vc - Voy vs BIAS 


SUPPLY AND TEMPERATURE AT 100mA 
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BIAS SUPPLY VOLTAGE (V) Vop: Vcc: Vans, Vex (V) 
FIGURE 24. LOW LEVEL OUTPUT VOLTAGE Vo, vs BIAS FIGURE 25. PEAK PULLDOWN CURRENT Ip vs BIAS SUPPLY 
SUPPLY AND TEMPERTURE AT 100mA VOLTAGE 
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FIGURE 26. PEAK PULLUP CURRENT Io, vs BIAS SUPPLY FIGURE 27. LOW VOLTAGE BIAS CURRENT Ipp (LESS QUIES- 
VOLTAGE CENT COMPONENT) vs FREQUENCY AND GATE 
LOAD CAPACITANCE 
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Typical Performance Curves Vop = Voc = VaHB = VeyB = 12V, Vss = Vats = Vets = VaHs = VeHs = OV, Rupet = Riper = 
100K and T, = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 28. HIGH VOLTAGE LEVEL-SHIFT CURRENT vs 
FREQUENCY AND BUS VOLTAGE 
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HIP4081 Power-up Application Information 


The HIP4081 H-Bridge Driver IC requires external circuitry 
to assure reliable start-up conditions of the upper drivers. If 
not addressed in the application, the H-bridge power MOS- 
FETs may be exposed to shoot-through current, possibly 
leading to MOSFET failure. Following the instructions below 
will result in reliable start-up. 


The HIP4081 has four inputs, one for each output. Outputs 
ALO and BLO are directly controlled by input ALI and BLI. 
By holding ALI and BLI low during start-up no shoot-through 
conditions can occur. To set the latches to the upper drivers 
such that the driver outputs, AHO and BHO, are off, the DIS 
pin must be toggled from low to high after power is applied. 
This is accomplished with a simple resistor divider, as shown 
below in Figure 30. As the Vpp/Vcc supply ramps from zero 
up, the DIS voltage is below its input threshold of 1.7V due 
to the R1/R2 resistor divider. When Vpp/Vcc exceeds 
approximately 9V to 10V, DIS becomes greater than the 
input threshold and the chip disables all outputs. It is critical 
that ALI and BLI be held low prior to DIS reaching its thresh- 
old level of 1.7V while Vpp/Vcc is ramping up, so that shoot 
through is avoided. After power is up the chip can be 
enabled by the ENABLE signal which pulls the DIS pin low. 


150 


DEAD-TIME (ns) 
o 
So 


30 
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10 50 100 150 200 250 
HDEL/LDEL RESISTANCE (kQ) 


FIGURE 29. MINIMUM DEAD-TIME vs DEL RESISTANCE 


ENABLE 


FIGURE 30. 


Vpop 12V, FINAL VALUE 


ESSA TEN ISG LEGEND A LE CELL LILES 
8.5V TO 10.5V (ASSUMES 5% RESISTORS) 


DIS 


TIMING DIAGRAM FOR FIGURE 30 


NOTE: 
1. ALI and/or BLI may be high after t1, whereupon the ENABLE pin 
may also be brought high. 


2. Another product, HIP4081A, incorporates undervoltage circuitry 
which eliminates the need for the above power up circuitry. 
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FIGURE 31. HIP4081 EVALUATION BOARD SCHEMATIC 
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FIGURE 32. HIP4081 EVALUATION BOARD SILKSCREEN 
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Mae HIP4081A 


PRELIMINARY 80V/2.5A Peak, High Frequency 
April 1994 Full Bridge FET Driver 


Features Description 


e Independently Drives 4 N-Channel FET in Half Bridge The HIP4081A is a high frequency, medium voltage Full 
or Full Bridge Configurations Bridge N-Channel FET driver IC, available in 20 lead plastic 
Bootstrap Supply Max Voltage to 95VDC SOIC and DIP packages. The HIP4081A can drive every 

possible switch combination except those which would 

Drives 1000pF Load at 1MHz in Free Air at +50°C with cause a shoot-through condition. The HIP4081A can switch 
Rise and Fall Times of Typically 10ns at frequencies up to 1MHz and is well suited to driving Voice 
User-Programmable Dead Time Coil Motors, high-frequency Class D audio amplifiers, and 


On-Chip Charge-Pump and Bootstrap Upper Bias PW®" Supplies. 


Supplies For example, the HIP4081A can drive medium voltage brush 

DIS (Disable) Overrides Input Control motors, and two HIP4081As can be used to drive high per- 
formance stepper motors, since the short minimum “on-time 

poe or Thresholds Compatible with 5V to 15V can provide fine micro-stepping capability. 

ogic Levels 

Short propagation delays of approximately 55ns maximizes 

control loop crossover frequencies and dead-times which 

Undervoltage Protection can be adjusted to near zero to minimize distortion, resulting 
in rapid, precise control of the driven load. 


Applications A similar part, the HIP4080A, includes an on-chip input com- 
¢ Medium/Large Voice Coil Motors parator to create a PWM signal from an external triangle 
wave and to facilitate “hysteresis mode” switching. 


Very Low Power Consumption 


¢ Full Bridge Power Supplies 
Class D Audio Power Amplifiers Ordering Information 


Noise Cancellation Systems NUMBER | TEMP RANGE 


-40° ° ; 
Battery Powered Vehicles HIP4081AIP 40°C to +85°C | 20 Lead Plastic DIP 
te) ° Pi 
Peripherals HIP4081AIB_ | -40°C to +85°C | 20 Lead Plastic SOIC (W) 


U.P.S. 


Pinout Application Block Diagram 


HIP4081A (PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Functional Block Diagram (1/2 HiP4081A) 
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Specifications HIP4081A 


Absolute Maximum and Thermal Ratings 


Supply Voltage, Vpp and Veg... ese ee ee eee ee eee -0.3V to 16V 

LOG VO VENAGES nc cma snes sae yews «eee -0.3V to Vpp +0.3V Storage Temperature Range...............6.- -65°C to +150°C 

Voltage on AHS, BHS............0000. -6.0V (Transient) to95V Operating Max. Junction Temperature ................. +125°C 

Voltage on ALS, BLS ....... -2.0V (Transient) to +2.0V (Transient) Lead Temperature (Soldering 10s) 

Voltage on AHB, BHB......... Vans, BHS -0-3V to Vans, sus +16V, (For SOIC « Lead Tips On) i46 cicccsaesranecccnses +300°C 
or 95V, whichever is less | Thermal Resistance, Junction-Ambient 

Voltage on ALO, BLO.............. Vacs, Bts -0.3V to Voc +0.3V SONG PGEKAGS s os.0tees csen sed ncicnees ens wee ee Om 85°C/W 

Voltage on AHO, BHO ........ Vans, BHS -0-3V to Vans, HB +0.3V DIP PAGKAGS 6425.6 ccsks cbc ce aewdw eon dees ees dems 75°C/W 

Input Current, HDEL and LDEL .................. -5mA toO0mA Maximum Power Dissipation at +85°C 

PRASG SOW AAIG: csc ccu se ouwsheseean tvs cewareeennees 20V/ns SOG PaCkAGOsoc22cs en nvendcnesave dee nseere sane 470mW 

NOTE: All voltages are relative to pin 4, Vgg, unless otherwise specified. IP PACMAG cnccxc ke caxcanenereediwendanevsdven 530mW 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Supply Voltage, Vop and Voc RPS SSH OKT R HST TSSRS +9.5V to +15V Voltage on AHB, BHB.......... VaHS, BHS +5V to VaHS, BHS +15V 
WONSGS OVALS, BLS oss taee an eed soe cdas Devens -1.0V to+1.0V Input Current, HDEL and LDEL................ -500pA to -50pnA 
VOHAGG ON AMS, Bilas ccc ccees aed eho een w Owe Haes -1V to 80V Operating Ambient Temperature Range.......... -40°C to +85°C 


Electrical Specifications Vop = Voc = VaHB = VeyB = 12V, Vss = Vas = Vets = VaHs = VeyHs = OV, Rupe = Riper = 100K and 
Ta = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


SUPPLY CURRENTS AND CHARGE PUMPS 


Vpp Quiescent Current | pp All inputs = OV Eo ‘ 
Vpp Operating Current | Ippo Outputs switching f = 500kKHz Ea 
Veco Quiescent Current All Inputs = OV, lato = Ipio = 0 


Tys = -40°C 
Ty = +25°C TO +125°C 


3 
me) 
Aa 
= 
4 
” 


TEST CONDITIONS 


_ _— 
No oOo 
on oi 


ss as [rs5| ma 
p= fot} to] - | 20] wa | 
ecOperaing Curent | _teeo__[f=st0vra,nNouoad ‘| + [12s] eof oa] 3 | ma 
Serra all all 
Qpump Output Current Vop = Vec = Vans = Venue = 10V 
[AHB, BH Operating Curent | twoorlawo [?=S00Kr,No load ——«dpw | va | ts | os | 10 | ma 
AHB-AHS, BHB-BHS Qpump Vane-Vans | lane = lane = 0, No Load 12.6] 14.0]105/145] Vv 
vas i _ 


INPUT PINS: ALI, BLI, AHI, BHI, AND DIS 


Low Level Input Voltage Vit Full Operating Conditions 
High Level Input Voltage Vin Full Operating Conditions 


Input Voltage Hysteresis 


= 


Low Level Input Current -130 


-1 


Vin = OV, Full Operating Conditions 


ee 
_ 
oO 


High Level Input Current 
TURN-ON DELAY PINS: LDEL AND HDEL 

LDEL, HDEL Voltage Vupew Viper | yper = !upe = -100HA 
GATE DRIVER OUTPUT PINS: ALO, BLO, AHO, AND BHO 


Vin = 5V, Full Operating Conditions 
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Specifications HIP4081A 


Electrical SpecificationS —Vpop = Voc = Vane = Vane = 12V, Vss = Vats = Vets = Vans = Ves = OV, Riper = Riper = 100K and 


Tjs = -40°C 
Ty = +25°C TO +125°C 


T, = +25°C, Unless Otherwise Specified (Continued) 


non a [ we [vfs Pa fr 
onaerotage Fiseress———_—«f_wS_| _——————«i oo Yo 


Switching Specifications Noo = = Voc = Vane = Vans = 12V, Vss = Vacs = Vets = Vans = Vans = OV, Riper = Atper = 10K, 
= 1000pF. 
CL 


Tys = -40°C 
Ty = +25°C TO +125°C 
PARAMETER SYMBOL | TESTCONDITIONS | MIN | TYP | MAX| MIN UNITS 

Lower Turn-off Propagation Delay TLPHL 
(ALI-ALO, BLI-BLO) 
Upper Turn-off Propagation Delay THPHL 70 
(AHI-AHO, BHI-BHO) 
Lower Turn-on Propagation Delay TLPLH Rupet = Riper = 10K 45 70 
(ALI-ALO, BLI-BLO) 
Upper Turn-on Propagation Delay THPLH Rupet = Riper = 10K 
(AHI-AHO, BHI-BHO) 


fetes 
fete 
rice 
rept 
rept 
‘Turn-off Output Pulse Width = } 30 | - | - | 30 


Disable Turn-off Propagation Delay TpisLow 45 75 
(DIS - Lower Outputs) 

Disable Turn-off Propagation Delay TpISHIGH 

(DIS - Upper Outputs) 

Disable to Lower Turn-on Propagation Delay TpLPLH 70 

(DIS - ALO and BLO) 


TRUTH TABLE 


INPUT OUTPUT 


w = 


NOTE: X signifies that input can be either a “1” or “0”. 
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HIP4081A 


Pin Descriptions 


B High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of boot- 
strap diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 30pA out of this 
pin to maintain bootstrap supply. Internal circuitry clamps the bootstrap supply to approximately 12.8V. 


B High-side Input. Logic level input that controls BHO driver (Pin 20). BLI (Pin 5) high level input overrides BHI 
high level input to prevent half-bridge shoot-through, see Truth Table. DIS (Pin 3) high level input overrides BHI 
high level input. The pin can be driven by signal levels of OV to 15V (no greater than Vpp). An internal 100nA 
pull-up to Vpp will hold BHI high, so no connection is required if high-side and low-side outputs are to be con- 
trolled by the low-side input. 


DiSable input. Logic level input that when taken high sets all four outputs low. DIS high overrides all other inputs. 
When DIS is taken low the outputs are controlled by the other inputs. The pin can be driven by signal levels of 
OV to 15V (no greater than Vpp). An internal 100A pull-up to Vpp will hold DIS high if this pin is not driven. 


B Low-side Input. Logic level input that controls BLO driver (Pin 18). If BHI (Pin 2) is driven high or not connected 
externally then BLI controls both BLO and BHO drivers, with dead time set by delay currents at HDEL and LDEL 
(Pin 8 and 9). DIS (Pin 3) high level input overrides BLI high level input. The pin can be driven by signal levels 
of OV to 15V (no greater than Vpp). An internal 100A pull-up to Vpp will hold BLI high if this pin is not driven. 


A Low-side Input. Logic level input that controls ALO driver (Pin 13). If AHI (Pin 7) is driven high or not connected 
externally then ALI controls both ALO and AHO drivers, with dead time set by delay currents at HDEL and LDEL 
(Pin 8 and 9). DIS (Pin 3) high level input overrides ALI high level input. The pin can be driven by signal levels 
of OV to 15V (no greater than Vpp). An internal 100pA pull-up to Vpp will hold ALI high if this pin is not driven. 


A High-side Input. Logic level input that controls AHO driver (Pin 11). ALI (Pin 6) high level input overrides AHI 
high level input to prevent half-bridge shoot-through, see Truth Table. DIS (Pin 3) high level input overrides AHI 
high level input. The pin can be driven by signal levels of OV to 15V (no greater than Vpp). An internal 100yA 
pull-up to Vpp will hold AHI high, so no connection is required if high-side and low-side outputs are to be con- 
trolled by the low-side input. 


High-side turn-on DELay. Connect resistor from this pin to Vgg to set timing current that defines the turn-on delay 
of both high-side drivers. The low-side drivers turn-off with no adjustable delay, so the HDEL resistor guarantees 
no shoot-through by delaying the turn-on of the high-side drivers. HDEL reference voltage is approximately 5.1V. 


Low-side turn-on DELay. Connect resistor from this pin to Vgg to set timing current that defines the turn-on delay 
of both low-side drivers. The high-side drivers turn-off with no adjustable delay, so the LDEL resistor guarantees 
no shoot-through by delaying the turn-on of the low-side drivers. LDEL reference voltage is approximately 5.1V. 


A High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of boot- 
strap diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 30pA out of this 
pin to maintain bootstrap supply. Internal circuitry clamps the bootstrap supply to approximately 12.8V. 


A High-side Output. Connect to gate of A High-side power MOSFET. 
12 AHS 


A High-side Source connection. Connect to source of A High-side power MOSFET. Connect negative side of 


bootstrap capacitor to this pin. 


ALO A Low-side Output. Connect to gate of A Low-side power MOSFET. 
| 44 [LS A Low-side Source connection. Connect to source of A Low-side power MOSFET. 


| Positive supply to gate drivers. Must be same potential as Vpp (Pin 16). Connect to anodes of two bootstrap 
diodes. 


oe ae Positive supply to lower gate drivers. Must be same potential as Voc (Pin 15). De-couple this pin to Vgg (Pin 4). 
| 47 | BLS B Low-side Source connection. Connect to source of B Low-side power MOSFET. 


ALS 

Vee 

Vop 

BLS 
B Low-side Output. Connect to gate of B Low-side power MOSFET. 

BHS B High-side Source connection. Connect to source of B High-side power MOSFET. Connect negative side of 


bootstrap capacitor to this pin. 


20 BHO B High-side Output. Connect to gate of B High-side power MOSFET. 
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HIP4081A 


Timing Diagrams 
X = AOR B, A AND B HALVES OF BRIDGE CONTROLLER ARE INDEPENDENT 
TLPHL THPHL 
UN = DIS = 0 ical 
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XHI Cy 
= 
XHO al 


i 
THPLH TLPLH Tr Tr 
(10% - 90%) (10% - 90%) 


FIGURE 1. INDEPENDENT MODE 
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XHI = Hi OR NOT CONNECTED | 
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FIGURE 2. BISTATE MODE 
TpLPLH Tois 
U/V OR DIS 


TREF-PW 
XL To 
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XLO 
XHO 
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FIGURE 3. DISABLE FUNCTION 
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HIP4081A 


Typical Performance Curves Vop = Voc = VaHB = VeHB = 12V, Vss = VaLs = Vets = VaHSs = VexHs = OV, Ruper = Riper = 
100K and Ty, = +25°C, Unless Otherwise Specified 


Ipp SUPPLY CURRENT (mA) 


Vpp SUPPLY VOLTAGE (V) 


FIGURE 4. QUIESCENT Ipp SUPPLY CURRENT vs Vpp 
SUPPLY VOLTAGE 
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FIGURE 6. SIDE A, B FLOATING SUPPLY BIAS CURRENT vs 
FREQUENCY (LOAD = 1000pF) 
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FIGURE 8. Iau, Igy, NO-LOAD FLOATING SUPPLY BIAS 
CURRENT vs FREQUENCY 
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lpp SUPPLY CURRENT (mA) 


, 0 100 200 300 400 500 600 700 800 900 1000 
SWITCHING FREQUENCY (kHz) 


FIGURE 5. Ipp9, NO-LOAD Ipp SUPPLY CURRENT vs 
FREQUENCY (kHz) 
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FIGURE 7. I¢co, NO-LOAD I¢g SUPPLY CURRENT vs 
FREQUENCY (kHz) TEMPERATURE 


LOW LEVEL INPUT CURRENT (1A) 


JUNCTION TEMPERATURE (°C) 


FIGURE 9. ALI, BLI, AHI, BHI LOW LEVEL INPUT CURRENT |, 
vs TEMPERATURE 


HIP4081A 


Typical Performance Curves Vop = Voc = VaHB = VeHB = 12V, Vss = Vats = Vets = VaHs = Veus = OV, Ruper = Riper = 
10K and T, = +25°C, Unless Otherwise Specified 


PROPAGATION DELAY (ns) 
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FIGURE 10. AHB - AHS, BHB - BHS NO-LOAD CHARGE PUMP __ FIGURE 11. UPPER DISABLE TURN-OFF PROPAGATION DE- 
VOLTAGE vs TEMPERATURE LAY Tpisigh Vs TEMPERATURE 
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HIP4081A 


Typical Performance Curves Vopo = Veco = VaHB = VexuB = 12V, Vss = Vats = Vets = VaHs = Vexys = OV, Ruper = Riper = 


10K and T, = +25°C, Unless Otherwise Specified (Continued) 


PROPAGATION DELAY (ns) 


40 -20 0 20 40 60 80 100 120 
JUNCTION TEMPERATURE (°C) 


FIGURE 16. UPPER TURN-OFF PROPAGATION DELAY Typyt 
vs TEMPERATURE 
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FIGURE 18. LOWER TURN-OFF PROPAGATION DELAY T, pu. 
vs TEMPERATURE 
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FIGURE 20. GATE DRIVE FALL TIME T- vs TEMPERATURE 
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FIGURE 17. UPPER TURN-ON PROPAGATION DELAY Typ. py vs 


TEMPERATURE 
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FIGURE 19. LOWER TURN-ON PROPAGATION DELAY Tp, yvs 
TEMPERATURE 
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FIGURE 21. GATE DRIVE RISE TIME Tp, vs TEMPERATURE 


HIP4081A 


Typical Performance Curves Vop = Voc = VaHB = VeyB = 12V, Vss = VaLs = Vets = VaHs = VeHs = OV, Rupet = Ripe = 
100K and T, = +25°C, Unless Otherwise Specified 


HDEL, LDEL INPUT VOLTAGE (V) 
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FIGURE 22. Vine.» Vupe, VOLTAGE vs TEMPERATURE 
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FIGURE 24. LOW LEVEL OUTPUT VOLTAGE Vo, vs BIAS 
SUPPLY AND TEMPERTURE AT 100mA 
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FIGURE 26. PEAK PULLUP CURRENT Ip, vs BIAS SUPPLY 
VOLTAGE 
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FIGURE 23. HIGH LEVEL OUTPUT VOLTAGE Voc - Voy vs BIAS 
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FIGURE 25. PEAK PULLDOWN CURRENT Ip vs BIAS SUPPLY 
VOLTAGE 
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FIGURE 27. LOW VOLTAGE BIAS CURRENT Ipp (LESS QUIES- 


CENT COMPOENT) vs FREQUENCY AND GATE 
LOAD CAPACITANCE 


HIP4081A 


Typical Performance Curves Vop = Vec = Vane = Veus = 12V, Vss = Vats = Vers = Vans = Veus = OV, Raper = Ripe = 
100K and T, = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 28. HIGH VOLTAGE LEVEL-SHIFT CURRENT vs FREQUENCY AND BUS VOLTAGE 
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FIGURE 30. MINIMUM DEAD-TIME vs DEL RESISTANCE 
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FIGURE 31. HIP4081A EVALUATION PC BOARD SCHEMATIC 
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FIGURE 32. HIP4081A EVALUATION BOARD SILKSCREEN 
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Port HIP4082 


ADVANCE INFORMATION 80V/1.25A Peak Current 
April 1994 Full Bridge FET Driver 


Features Description 


e Independently Drives 4 N-Channel FET in Half Bridge The HIP4082 is a medium frequency, medium voltage Full 
or Full Bridge Configurations Bridge N-Channel FET driver IC, available in 16 lead plastic 
SOIC and DIP packages. 


Specifically targeted for PWM motor control and UPS applica- 
tions, bridge based designs are made simple and flexible with 
the HIP4C82 Full Bridge Driver. With operation up to 80V, the 
User-Programmable Dead Time (0.1 to 4.5us) device is best suited to applications of moderate power levels. 


Bootstrap Supply Max Voltage to 95VDC 


Drives 1000pF Load in Free Air at 50°C with Rise and 
Fall Times of Typically 15ns 


DIS (Disable) Overrides Input Control Similar to the HIP4081, it has a flexible input protocol for 

driving every possible switch combination except those 

Input Logic Thresholds Compatible with SV to 15V Which oh ae a shoot-through condition. The HIP4082 

Logic Levels has reduced drive current compared to the HIP4081 (1.25 vs 

Shoot-Through Protection 2.5A) and a much wider range of programmable dead times 

; (0.1 to 4.5us) making it ideal for switching frequencies in the 

Undervoltage Protection 20kHz to 200kHz range. Unlike the HIP4081 the HIP4082 
does not contain an internal charge pump. 


Ap P lications This set of features and specifications is optimized for appli- 
e UPS Systems cations where size and cost are important. For applications 
needing higher drive capability the HIP4080A and HIP4081A 


e DC Motor Controls are recommended 


Full Bridge Power Supplies 
Class D Audio Power Amplifiers Ordering Information 


Noise Cancellation Systems TEMPERATURE 
Battery Powered Vehicles PART NUMBER RANGE PACKAGE 
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mil a M a te] . 
Mediu rge Voice Coil Motors HIP40821B 40°C to +85°C | 16 Lead Plastic SOIC (N) 


Pinout Applicationn Block Diagram 


HIP 4082 (PDIP, SOIC) 
TOP VIEW 


BHO 
BHS 


BHI BLO 


BLI 
HIP4082 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3676 
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HIP4082 


Functional Block Diagram 
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Specifications HIP4082 


Absolute Maximum and Thermal Ratings 


Supply Voliage, Vop si scsssicscsaviecesawsansas -0.3V to 16V 
Logis VO VOHAGOS .60 cise esecveunnescncces -0.3V to Vpp +0.3V 
Voltage on AHS, BHS................. -6.0V (Transient) to 88V 
Voltage on AHB, BHB........ Vaus, VeHs -0.3V to VaHS, BHS +16V, 

or 95V, whichever is less 
Vollage On ALO, BLO). case sais tvee averse Vgg -0.3V to Voc +0.3V 
Voltage on AHO, BHO ...... VaHS, VeuHs -0.3V to VaHB, VeHB +0.3V 
pet CUTE, DE asc caceenawinnceetesenscuses -5mA to OMA 
Phase Slow Rate .......cccsscusncccncswcceneavnans 20V/ns 


Thermal Information 


Storage Temperature Range...............66. -65°C to +150°C 
Operating Max. Junction Temperature ...............-. +125°C 
Lead Temperature (Soldering 10s) ...............0008- +300°C 


(For SOIC - Lead Tips Only) 
Thermal Resistance, Junction-Ambient 


Bohs POGMMIG ys ones a deneenes ce vnerbaeanwaewas 150°C/W 

NP PONS nc cee sat dddesksesacewsevnsusent sees 90°C/W 
Maximum Power Dissipation at +85°C 

Es Fens obde can foes bat eenescabacnenieseys 266mW 

DIP PACKAGE oc ncscscce cannes sei avanaaewneane ans 445mW 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


GUDDIY VOUSGG, Von cr ciecatne ves eeveneaheaw ce +8V to +15V 
VONEOS OF Veg vacancccsancts cnnd sRue cane wows -1.0V to +1.0V 
Voltage on AHS, BHS.scccssscacecvsvevesaercuanes -1V to 80V 


Voltage on AHB, BHB........ VaHS, Veus +7V to VaHs, Veys +15V 
POL CAMEN, WEL ccrwccettewnce anes caw urns -4mA to -100A 
Operating Ambient Temperature Range.......... -40°C to +85°C 


Electrical Specifications = Vpp = Vang = Vans = 12V, Vss = Vans = Venus = OV, Roper = 100K 


PARAMETER SYMBOL 


SUPPLY CURRENTS & UNDER VOLTAGE PROTECTION 


Vpop Rising Undervoltage Threshold VDDUV+ 


INPUT PINS: ALI, BLI, AHI, BHI, & DIS 


GATE DRIVER OUTPUT PINS: ALO, BLO, AHO, & BHO 


High Level Output Voltage 


Peak Pullup Current 


TEST CONDITIONS 
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Low Level Input Voltage Full Operating Conditions Pf = | 1.0 | 
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Specifications HIP4082 


Switching Specifications Vpp = Vans = Venue = 12V, Vss = Vans = VeHs = OV, Rpoet= 100K, C, = 1000pF. 


PARAMETER SYMBOL 


Lower Turn-off Propagation Delay TLPHL 
(ALI-ALO, BLI-BLO) 

Upper Turn-off Propagation Delay THPHL 
(AHI-AHO, BHI-BHO) 


Lower Turn-on Propagation Delay TLPLH Roe = 10K 
(ALI-ALO, BLI-BLO) 


seme ee 
(AHI-AHO, BHI-BHO) 

Rome Pd 
fame 
Temerenrawan | omen meee | | 
Femetieraawin | Toor Jammie = | | 


Disable Turn-off Propagation Delay Tpistow 
(DIS - Lower Outputs) 


Disable Turn-off Propagation Delay TpISHIGH 
(DIS - Upper Outputs) 


Disable to Lower Turn-on Propagation Delay ToLPLH 

(DIS - ALO & BLO) 

caaeiotiperenanews aioe [Tome [ | = || 
peranrasewannoesio) | Twrow | st || 


NOTE: 
1. All voltages are relative to pin 6, Vgg, unless otherwise specified. 


Tys = -40°C 
Ty = +25°C TO +125°C 
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TRUTH TABLE 


INPUT OUTPUT 
ALI, BLI aed VDDUV VHBUV nape ALO, BLO AHO, BHO 


NOTE: X signifies that input can be either a “1” or “0”. 
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HIP4082 


Pin Descriptions 


PIN 
NUMBER | SYMBOL DESCRIPTION 


B High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of boot- 
strap diode and positive side of bootstrap capacitor to this pin. 


B High-side Input. Logic level input that controls BHO driver (Pin 16). BLI (Pin 3) high level input overrides BHI 
high level input to prevent half-bridge shoot-through, see Truth Table. DIS (Pin 8) high level input overrides BHI 
high level input. The pin can be driven by signal levels of OV to 15V (no greater than Vpp). An internal 100yA 
pull-up to Vpp will hold BHI high, so no connection is required if high-side and low-side outputs are to be con- 
trolled by the low-side input. 


B Low-side Input. Logic level input that controls BLO driver (Pin 14). If BHI (Pin 2) is driven high or not con- 
nected externally then BLI controls both BLO and BHO drivers, with dead time set by delay currents at DEL 
(Pin 5). DIS (Pin 8) high level input overrides BLI high level input. The pin can be driven by signal levels of OV 
to 15V (no greater than Vpp). An internal 100pA pull-up to Vpp will hold BLI high if this pin is not driven. 


A Low-side Input. Logic level input that controls ALO driver (Pin 13). If AHI (Pin 7) is driven high or not con- 
nected externally then ALI controls both ALO and AHO drivers, with dead time set by delay currents at DEL 
(Pin 5). DIS (Pin 8) high level input overrides ALI high level input. The pin can be driven by signal levels of OV 
to 15V (no greater than Vpp). An internal 100A pull-up to Vpp will hold ALI high if this pin is not driven. 


Turn-on DELay. Connect resistor from this pin to Vsg to set timing current that defines the dead time between 
drivers. All drivers turn-off with no adjustable delay, so the DEL resistor guarantees no shoot-through by de- 
laying the turn-on of all drivers. The voltage across the DEL resistor is approximately Vpp -2V. 


a x2 Chip negative supply, generally will be ground. 


A High-side Input. Logic level input that controls AHO driver (Pin 10). ALI (Pin 4) high level input overrides AHI 
high level input to prevent half-bridge shoot-through, see Truth Table. DIS (Pin 8) high level input overrides AHI 
high level input. The pin can be driven by signal levels of OV to 15V (no greater than Vpp). An internal 100A 
pull-up to Vpp will hold AHI high, so no connection is required if high-side and low-side outputs are to be con- 
trolled by the low-side input. 


DiSable input. Logic level input that when taken high sets all four outputs low. DIS high overrides all other in- 
puts. When DIS is taken low the outputs are controlled by the other inputs. The pin can be driven by signal 
levels of OV to 15V (no greater than Vpp). An internal 100pA pull-up to Vpp will hold DIS high if this pin is not 
driven. 


LJ 
a 
a 
a 
a 
—_d 
—_ 
ve 


A High-side Bootstrap supply. External bootstrap diode and capacitor are required. Connect cathode of boot- 
strap diode and positive side of bootstrap capacitor to this pin. 


AHO A High-side Output. Connect to gate of A High-side power MOSFET. 


A High-side Source connection. Connect to source of A High-side power MOSFET. Connect negative side of 
bootstrap capacitor to this pin. 


42 | Vo Positive supply to control logic and lower gate drivers. De-couple this pin to Vsg (Pin 6). 
| 13 | ALO A Low-side Output. Connect to gate of A Low-side power MOSFET. 
_— B Low-side Output. Connect to gate of B Low-side power MOSFET. 


B High-side Source connection. Connect to source of B High-side power MOSFET. Connect negative side of 
bootstrap capacitor to this pin. 


| 16 | BHO B High-side Output. Connect to gate of B High-side power MOSFET. 
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HIP4082 


Timing Diagrams 


X= AOR B, AANDB HALVES OF BRIDGE CONTROLLER ARE INDEPENDENT 
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FIGURE 1. INDEPENDENT MODE 
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FIGURE 2. BISTATE MODE 
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FIGURE 3. DISABLE FUNCTION 
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REGULATORS/POWER SUPPLIES SELECTION GUIDES 


REGULATORS/POWER SUPPLIES DATA SHEETS 


CA723, CA723C 


CA1523 


CA1524, CA2524, 
CA3524 


CA3085, CA3085A, 
CA3085B 


CA3277 
HIPS5060 
HIP5061 
HIP5062 
HIP5063 
HIP5500 
HIP5600 
ICL7660 
ICL7660S 
ICL7662 
ICL7663S 
ICL7665S 
ICL7673 
ICL8211, ICL8212 


Voltage Regulators Adjustable from 2V to 37V at Output Currents Up to 150mA 


Without External Pass TaAnsiStOrs 2.26. ccccrsetcasaeaceeraetaeerieccwesens 
Voltage Regulator Control Circuit for Variable Switching Regulator ................ 
Regulating Pulse Width MOGUIAIO! . cc kc cccct rer ec ese ears reeks eenes ena e eens 
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7A, High Efficiency Current Mode Controlled PWM Regulator..............0. eee 
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Power Control IC Single Chip Power Supply... .......... cece cece cece cee eeees 
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CMOS Programmable Micropower Positive Voltage Regulator..............0. 000. 
CMOS Micropower Over/Under Voltage Detector... . 0.0... cc cee eee eee eee 
Automatic Battery Back-Up SWICN « «ccc ciccusveweusesesuseenncunecasnnnsawe 
Programmabie Voliags DeteCiOMs:. 4.62 ceccecet cau nstiwernemcenewesewda neues 
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REGULATORS/ 
POWER SUPPLIES 


Regulators/Power Supplies Selection Guides 


POWER SUPPLY CIRCUITS 


OUTPUT MAXIMUM 
VOLTAGE OUTPUT SWITCHING | QUIESCENT | TEMPERATURE 

RANGE CURRENT 
-55°C to +125°C 


CA723 Linear Voltage Regulators 9.5V to 40V 2V to 37V A 
4.0mA 0°C to +70°C 
7.0MA at 
Vin = SOV 
age Shutdown, Thermal Shutdown, 


CA1523 Variable Internal Pulse Regulator for ; 34mA 0°C to +70°C 
Switch Mode Power Supplies 
8V to 40V 4.8V to 5.2V 1kHz to 300kHz 
(Note 1) 
500pA -40°C to +85°C 
Current Limited 


CA1524 Pulse Width Modulators 
CA2524 4.8V to 5.2V 
(Note 1) 
CA3524 4.6V to 5.4V 
(Note 1) 
CA3085 
CA3085A 
HIP5060 Single Chip, Low Side Switch, 27V to 45V_ | Determined by Power DMOS 1MHz Internal, 20mA 0°C to +85°C 
Current Controlled PWM External Circuitry | Transistor 60V - 10A External Input 
HIP5061 7A Current Mode PWM Regulator - 10.8V Min | Determined by Power DMOS 250kHz 0°C to +85°C 
TO220 Type Package 14V Zener | External Circuitry | Transistor 60V-7A Therm. Protect. 
HIP5062 Single Chip, Dual Low Side Switch 26V to 42V_ | Determined by Two Power DMOS 1MHz Latched 25mA 0°C to +85°C 
Current Controlled PWM External Circuitry | Transistors 60V - 5A External Loop 
HIP5063 Basic Single Chip, Low Side Switch 10V to60V | Determined by Power DMOS External Clock 14mA 0°C to +85°C 
Current Controlled PWM External Circuitry | Transistor 60V - 10A 
HIP5500 Half Bridge Power Supply Regulator | 10V to 15V 500V Peak 2.3A Peak -40°C to +150°C 


CA3085B 
HIP5600 High Voltage Linear Regulator 50V to 400V 1.2V to 350V 30mA 65pA -40°C to +100°C 
Therm. Protect. 


Super Voltage Converter (Charge 1.5V to 12V | -1.5V to+ 22.8V 45mA 10kHz to 35kHz} 200HA | -55°C to +125°C 
180A 0°C to +70°C 
Voltage Converter (Charge Pump 4.5V to20V | -4.5V to t38.8V 90mA 10kHz 250pA -55°C to +125°C 
Type) 200nA | 0°C to +70°C 
-40°C to +85°C 


ICL7660SC 
ICL7663SA | Linear Voltage Regulators 1.6Vto16V | 1.3Vto16V | 40mA- Voyto | 10HA | -25°C to +85°C 
ICL7663S Ron - 1002 -Vout2 412A 


0°C to +70°C 
Note 1. Reference Voltages - Output Voltage Limited by External Device 


100mA Max Rating for -55°C to +125°C 


Each Output Driver 


0°C to +70°C 


0°C to +70°C 


4.5mA at | -55°C to +125°C 
VIN = 30V 

5.0mA at 
VIN = 40V 


Linear Voltage Regulators 


Microprocessor Interface Controller 
Dual-Fixed 5V Regulator, Overvolt- 


VOLTAGE MONITORING CIRCUITS 


| oescnpnon | ‘nance | ‘cunmenr | comment _ 
DEVICE DESCRIPTION RANGE CURRENT CURRENT VOLTAGE RANGE 
CMOS Micropower Over/ 1.8V to 16V 10pA 

Under Voltage Detector 
an 

SpA 

ICL8211M Programmable Voltage 1.8V to 30V 350yA 1.15 + 3.5% 
— 
ai 
1.15- 13% 
Note 2. Primary to Back-up Source Voltage Differential 


|ICL7665SAC — 1.348% 0°C to +70°C 

ICL7673l Automatic Battery Back-up Switch 2.5V to 15V 38mA 50mV -25°C to +85°C 
ICL7673C Wate ¢) 0°C to +70°C 
— 


BHARRIS CA723, CA723C 


Voltage Regulators Adjustable from 2V to 37V at Output 


April 1994 Currents Up to 150mA Without External Pass Transistors 

Features Description 

¢ Up to 150mA Output Current The CA723 and CA723C are silicon monolithic integrated cir- 

¢ Positive and Negative Voltage Regulation cuits designed for service as voltage regulators at output volt- 

¢ Regulation in Excess of 10A with Suitable Pass ages ranging from 2V to 37V at currents up to 150mA. 
Transistors Each type includes a temperature-compensated reference 

e Input and Output Short-Circuit Protection amplifier, an error amplifier, a power series pass transistor, and 

¢ Load and Line Regulation................... 0.03% a current-limiting circuit. They also provide independently acces- 

¢ Direct Replacement for 723 and 723C Industry Types _ sible inputs for adjustable current limiting and remote shutdown 

e Adjustable Output Voltage ............... 2V to 37V_ and, in addition, feature low standby current drain, low tempera- 


ture drift, and high ripple rejection. 


The CA723 and CA723C may be used with positive and nega- 
tive power supplies in a wide variety of series, shunt, switching, 


Applications 
e Series and Shunt Voltage Regulator 


* Floating Regulator and floating regulator applications. The i 
‘ y can provide regulation 
* Switching Voltage Regulator at load currents greater than 150mA and in excess of 10A with 
¢ High-Current Voltage Regulator the use of suitable n-p-n or p-n-p extemal pass transistors. 
e Temperature Controller 
R F The CA723 and CA723C are supplied in the 10 lead TO-100 
Ordering Information metal can(T suffix), and the 14 lead dual-in-line plastic package 


(E suffix), and are direct replacements for industry types LM723, 
LM723C in packages with similar terminal arrangements. 


[PART [TEMPERATURE [PACKAGE 


Pinouts Functional Block Diagram 


CA723 (PDIP) 
TOP VIEW 


V+ FREQUENCY 
° a COMPENSATION 


5 w 
ain 
ES 
< 
fe 
ws 
Te) 
oe. 


TEMPERATURE- 
COMPENSATED 
ZENER 


0Vc 


SERIES PASS 
TRANSISTOR 


® 
Vo REGULATED 
OUTPUT 


o Vz 
4, CURRENT 
SENSE 


CURRENT ¢ 
LIMIT 


CA723C (CAN) 
TOP VIEW sapped 
CURRENT LIMIT 


V-, (CASE INTERNALLY 
CONNECTED TO TERM 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 788.3 
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Specifications CA723, CA723C 


Absolute Maximum Ratings 


OS SI VORB osc acc ee ccnc ht wenextwnee nee adeoeenals 40V 
(Between V+ and V- Terminals) 
Pulse Voltage for 50ms 
Pulse Width (Between V+ and V- Terminals) ............. 50V 
Differential Input-Output Voltage ................. eee eee 40V 
Differential Input Voltage 
Between Inverting and Noninverting Inputs................ +5V 
Between Noninverting Input and V- .............0000e eee 8V 
Current From Zener Diode Terminal (Vz).............006- 25mA 


Operating Conditions 


Thermal Resistance Bja Bc 
Plastic DIP Package ................ 120°C/W - 
Moatal Can ics ccscenessacsevrosenss 136°C/W«65°C/W 
Device Dissipation 
CA728T, CA723CT, Up to Ty = +25°C.. 1... eee eee 900mW 
CA723E, CA723CE, Up to Ty = +25°C ............... 1000mW 
CA723T, CA723CT, Above Ty = +25°C............. 7.4mW/?C 
CA723E, CA723CE, Above Ty = +25°C ............ 8.3mW/C 
Ambient Temperature Range 
Operating Temperature Range .............. -55°C to +125°C 
Storage Temperature Range................ -65°C to +150°C 
Lead Temperature, During Soldering .................. +265°C 


At a distance 1/16” + 1/32” (1.59mm + 0.79mm) from case for 10s 
max 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications 1, = +25°C, V+ = V_ = V, = 12V, V- = 0, Vo = SV, |, = 1mMA, C, = 100pF, Carer = 0, Recp = 0, 
Unless Otherwise Specified. Divider impedance R, R2 + R, + R, at noninverting input, Terminal 5 = 


10kQ. (Figure 20) 


PARAMETERS TEST CONDITION 


DC CHARACTERISTICS 


[aiesconFoquawroweno  fusowemy [tay as] - | [* qa 


input Voltage Range, V) ee ce 


Output — Range, V, 


Reference Voltage, Vrer 
Line Regulation (Note 1) 
= 12V to 15V 


= = 12V to 15V, 
Ty = -55°C to +125°C 


r = 12V to 15V, 
= 0°C to +70°C 
IL = 1mA to 50mA 


I, = 1mA to 50mA, 
Ta = -55°C to +125°C 


I = 1mA to 50mA, 
= 0°C to +70°C 


Output-Voltage Temperature Coeffi- le = -55°C to +125°C 
cient, AVo 


= 0°C to +70°C 
Ripple Rejection (Note 2) = 50Hz to 10kHz 


f = 50Hz to 10kHz, 
Crer = SUF 


Short Circuit Limiting Current, I, jy Rscp = 102, Vo = 0 


Equivalent Noise RMS Output Voltage, | BW = 100Hz to 10kHz, 
Vw (Note 2) Crer = 0 


BW = 100Hz to 10kHz, 
Crer = SUF 


Load Regulation (Note 1) 


NOTES: 


1. Line and load regulation specifications are given for condition of a constant chip temperature. For high dissipation condition, temperature 


drifts must be separately taken into account. 
2. For Cree (See Figure 20) 


CA723, CA723C 


V+ Ve 


UNREGULATED | 
INPUT 
i“ =. we 


D1 
6.2V Qi5 
an R12 
15kQ ~ Vo 
Q11 Q12 
ihe " 
» Vz 
Q13 
5 FREQUENCY 
COMPENSATION 
R11 5» CURRENT 
1502 = LIMIT 
, CURRENT 


SENSE 


Vv @ A INVERTING 
REF NON HF la V: INPUT 
FIGURE 1. EQUIVALENT SCHEMATIC DIAGRAM OF THE CA723 AND CA723C 


Typical Performance Curves (CA723) 


OUTPUT VOLTAGE (Vo) = 5V 


MAX JUNCTION TEMP (Ty) = +150°C INPUT VOLTAGE (V,) = 12V 

THERMAL RESISTANCE = 150°C/W SHORT CIRCUIT PROTECTION 
q 150 QUIESCENT DISSIPATION (PQ) = 60mW RESISTANCE (Rgcp) = 0 
E (NO HEAT SINK) 3 Pf 
- = 
a ro} AMBIENT TEMPERATURE 
> 100 AMBIENT TEMPERATURE (Ta) = +25°C S 

= 

q : G 
e WIT INT TET] os 
5 50 . 3S 
e INT TRL TO? 
2 > ea 


0 aes (See Eee SS eee 


PON fails =e 
icon 
0 


> w 
ae, 
Og 
i 
<H 
3 i 
wus 
Lo 
a. 


0 10 20 30 4 0 20 40 60 80 100 
DIFFERENTIAL INPUT - OUTPUT VOLTAGE (V) OUTPUT CURRENT (mA) 
FIGURE 2. MAX LOAD CURRENT vs DIFFERENTIAL INPUT- FIGURE 3. LOAD REGULATION WITHOUT CURRENT LIMIT- 
OUTPUT VOLTAGE ING 


OUTPUT VOLTAGE (Vo) = 5V 


OUTPUT VOLTAGE (Vo) = 5V 
INPUT VOLTAGE (V;) = 12V INPUT VOLTAGE (V)) = 12V 
SHORT CIRCUIT PROTECTION SHORT CIRCUIT PROTECTION 


RESISTANCE (Rgcp) = 102 RESISTANCE (Rgcp) = 0 


LOAD REGULATION (Vo) 
LOAD REGULATION (Vo) 


0 5 10 15 20 25 30 0 20 40 60 80 100 
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA) 
FIGURE 4. LOAD REGULATION WITH CURRENT LIMITING FIGURE 5. LOAD REGULATION WITH CURRENT LIMITING 
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CA723, CA723C 


Typical Performance Curves (CA723) (continued) 
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OUTPUT CURRENT (mA) 
FIGURE 6. CURRENT LIMITING CHARACTERISTICS 


MAX. JUNCTION TEMP. (Ty) = +150°C 
THERMAL RESISTANCE = 150°C/W 


< QUIESCENT DISSIPATION (Pq) = 60mW 

E \ -TO-5 STYLE PACKAGE WITH NO HEAT SINK 
e LNA 

oc 

= 100 

: \ 

5 

= Rk AMBIENT TEMPERATURE (T,) = +25°C 
= 50 

3 

= 


NSN TT 
- | NOEL 

ee ee, 
| eel CT 
0 20 0 


40 


1 3 
DIFFERENTIAL INPUT - OUTPUT VOLTAGE (V) 


FIGURE 8. MAX LOAD CURRENT vs DIFFERENTIAL INPUT- 
OUTPUT VOLTAGE 


OUTPUT VOLTAGE (Vo) = 5V 
INPUT VOLTAGE (Vj) = 12V 
SHORT CIRCUIT PROTECTION 
RESISTANCE (Rgcp) = 0 

“co 

al 

— 3 

re} 

e 

s 

—) 

1o) 

Ww 

ec 

° -0.1 

re) 
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OUTPUT CURRENT (mA) 


FIGURE 10. LOAD REGULATION WITHOUT CURRENT LIMIT- 
ING 


OUTPUT VOLTAGE (Vo) = REFERENCE 
VOLTAGE (Vrer) 
LOAD CIRCUIT (1,) = 0 


& 


AMBIENT TEMPERATURE (Ta) = -55°C 


wo 


QUIESCENT CURRENT (mA) 
RO 


-_« 


INPUT VOLTAGE (V) 
FIGURE 7. QUIESCENT CURRENT vs INPUT VOLTAGE 


MAX. JUNCTION TEMP. (Ty) = +125°C 

THERMAL RESISTANCE = 125°C/W 

QUIESCENT DISSIPATION (Pq) = 60mW 

DUAL - IN - LINE PLASTIC PACKAGE 
WITH NO HEAT SINK 


MAXIMUM LOAD CURRENT (mA) 


DIFFERENTIAL INPUT - OUTPUT VOLTAGE (V) 


FIGURE 9. MAX LOAD CURRENT vs DIFFERENTIAL INPUT- 
OUTPUT VOLTAGE FOR CA723CE 


OUTPUT VOLTAGE (Vo) = 5V 

INPUT VOLTAGE (Vj) = 12V 

SHORT CIRCUIT PROTECTION 
RESISTANCE (Rgcp) = 100 


LOAD REGULATION (Vo) 


10 20 
OUTPUT CURRENT (mA) 
FIGURE 11. LOAD REGULATION WITH CURRENT LIMITING 


CA723, CA723C 


Typical Performance Curves (CA723) (continued) 


OUTPUT VOLTAGE (Vo) = REFERENCE 


z 
zee VOLTAGE (Vper) 
pi) Bet LOAD CURRENT (IL) = 0 
Sue & < 
4 goat = 
< | haaz fe 
a l Ohen s 
re) ~OGM ra} 
2 cs) 
> | -> ua7,) 
- ae oe 4 
= i Foo i 
: 333 8 
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FIGURE 12. CURRENT LIMITING CHARACTERISTICS FIGURE 13. QUIESCENT CURRENT vs INPUT VOLTAGE 


Typical Performance Curves (CA723 and CA723C) 


OUTPUT VOLTAGE (Vo) = 5V 
LOAD CURRENT (I) = 1mA 

AMBIENT TEMPERATURE (Ta) = +25°C 
DIFFERENTIAL INPUT VOLTAGE (AVT) = 3V 
SHORT CIRCUIT PROTECTION RESISTANCE 


INPUT VOLTAGE (V;) = 12V 

OUTPUT VOLTAGE (Vo) = 5V 

LOAD CURRENT (I) =1 TO 50mA 

AMBIENT TEMPERATURE (Ta) = +25°C 

SHORT CIRCUIT PROTECTION 
RESISTANCE (Rscp) = 0 


LOAD REGULATION (Vo) 
LINE REGULATION (Vo) 
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Ws 
Lo 
a 


5 15 25 35 45 4 2 
eae INPUT - OUTPUT VOLTAGE (V) DIFFERENTIAL INPUT - OUTPUT VOLTAGE (V) 
FIGURE 14. LOAD REGULATION vs DIFFERENTIAL INPUT- FIGURE 15. LINE REGULATION vs DIFFERENTIAL INPUT- 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


INPUT VOLTAGE (V)) = 12V, OUTPUT VOLTAGE (Vo) = 5 


LOAD CURRENT (i,) = 40mA S a 
sa = 425° 
eee eee gos Nese E 
— za 
5 ITT pomcumeray TI" = 8,, ial 3 
1 ' ' Ss . = 
<"TYTITTNLIIIITI| z 4 SCNT 3 
yep TTT gS eof TTA : 
< Lt ta la hc rk rf ¢ SHORT CIRCUIT LIMITING NE = 
= 9 E te CURRENT WITH Rscp = 52 E 
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5 . zee 3 0.4 | WITH Recp = 102 ~— 5 
-30 oO ” 
oittitttiti tt |} | tl a 
-50 0 50 100 150 
JUNCTION TEMPERATURE (°C) 
FIGURE 16. LINE TRANSIENT RESPONSE FIGURE 17. CURRENT LIMITING CHARACTERISTIC vs JUNC- 
TION TEMPERATURE 
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CA723, CA723C 


Typical Performance Curves (CA723 and CA723C) (continued) 
Mt 


- g| INPUT VOLTAGE (Vj) = 12V 
OUTPUT VOLTAGE (Vo) = 5V 


LOAD CURRENT (I) = 50mA 
2| AMBIENT TEMPERATURE (Ta) = +25°C 
SHORT CIRCUIT PROTECTIO 
Medi (Rscp) = : 


ms A Sa 


ee OUTPUT VOLTAGE (Vo) 


Z 
y | 
y | 
Ls 
Las 
Lal 

4 Ll 
a 
ae 
= 
= 
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So 

INPUT VOLTAGE DEVIATION (V) 
OUTPUT IMPEDANCE (W) 


OUTPUT VOLTAGE DEVIATION (mA) 


(I) 
AMBIENT TEMPERATURE (T,) = +25°C 
SHORT CIRCUIT PROTECTION RESISTANCE 
(Rgcp) = 0 


4 4 
5 5 16 2 35 45 100 1k 10k 100k 1M 
TIME (us) FREQUENCY (Hz) 
FIGURE 18. LOAD TRANSIENT RESPONSE FIGURE 19. OUTPUT IMPEDANCE vs FREQUENCY 


Typical Application Circuits 


Vv Vv V+ V 
Vv; 2 - : c 


Rscp 
CURRENT REGULATED REGULATED 
a OUTPUT Rs OUTPUT 15V 
NON CURRENT R3 
SENSE | 
INV. NON 
Fi Ny ; 
Crer i INPUT y 2 
Circuit Performance Data: Circuit Performance Data: 
Regulated Output Voltage 5V Line Regulation (AV, = 3V) 1.5mV 
Line Regulation (AV,;= 3V) 0.5mV Load Regulation (Al, = 50mA) 4.5mV 


Load Regulation (Al, = 50mA) 1.5mV 


Note: R3 = R1R2 For Minimum Temperature Drift 
Note: R3 = Bibs. For Minimum Temperature Drift 


R3 May be Efninated For Minimum Component Count 


FIGURE 20. LOW VOLTAGE REGULATOR CIRCUIT FIGURE 21. HIGH VOLTAGE REGULATOR CIRCUIT 
(Vo = 2V TO 7V) (Vo = 7V TO 37V) 
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CA723, CA723C 


Typical Application Circuits (continued) 


REGULATED 
OUTPUT-15V 


Circuit Performance Data: 

Line Regulation (AV, = 3V) 1mV 

Load Regulation (Al, = 100mA) 2mV 

Note: For Applications Employing the TO-5 Style Package 
and Where Vz Is Required, An External; 6.2V Zener Diode 
Should be Connected in Series with Vo (Terminal 6). 


FIGURE 22. NEGATIVE VOLTAGE REGULATOR CIRCUIT 


R 
CURRENT aaa 
SENSE 


REGULATED 
chi OUTPUT 5V 


Circuit Performance Data: 
Line Regulation (AV, = 3V) 0.5mV 
Load Regulation (Al, = 1A) 5mV 


FIGURE 24. POSITIVE VOLTRAGE REGULATOR CIRCUIT 
(WITH EXTERNAL p-n-p PAS TRANSISTOR) 


CURRENT 
LIMIT Rscp 


REGULATED 
OUTPUT 15V 


Circuit Performance Data: 
Line Regulation (AV, = 3V) 1.5mV 
Load Regulation (Al, = 1A) 15mV 


FIGURE 23. POSITIVE VOLTAGE REGULATOR CIRCUIT (WITH 


EXTERNAL n-p-n PASS TRANSISTOR) 


REGULATED 
OUTPUT 5V 


Circuit Performance Data: 

Line Regulation (AV = 3V) 0.5mV 
Load Regulation (Al, = 10mA) 1mV 
Short Circuit Current 20mA 


FIGURE 25. FOLDBACK CURRENT LIMITING CIRCUIT 
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CA723, CA723C 


Typical Application Circuits (continued) 


R5 


12V 
SK3062 


REGULATED 


OUTPUT-50V 
Circuit Performance Data: 


Line Regulation (AV = 20V) 15mV 
Load Regulation (Al, = 50mA) 20mV 
NOTE: For applications employing the TO-5 Style Package and 


where V7 is required, an external 6.2V zener diode should 
be connected in series with Vo (terminal 6) 


FIGURE 26. POSITIVE FLOATING REGULATOR CIRCUIT 


VREF Vo Rscp NOTE2 


REGULATED 
OUTPUT 5V 


2kQ 


Doe n 
ot 0.001 pF 2N3053 
Circuit Performance Data: . 
Line Regulation (AV, = 3V) 0.5mV 
Load Regulation (Al, = 50mA) 1.5mV 
Short Circuit Current 20mA 
NOTE: 1. A current limiting transistor may be used for shutdown if 
current limiting is not required. 
2. Add a diode if Vo > 10V. 


FIGURE 28. REMOTE SHUTDOWN REGULATOR CIRCUIT WITH 
CURRENT LIMITING 
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vi 


Tl 
2N6211 


REGULATED 
OUTPUT-100V 


Circuit Performance Data: 
Line Regulation (AV, = 20V) 30mV 
Load Regulation (Al, =100mA) 20mV 
NOTE: For applications employing the TO-5 Style Package and 


where V7 is required, an external 6.2V zener diode should 
be connected in series with Vo (terminal 6) 


FIGURE 27. NEGATIVE FLOATING REGULATOR CIRCUIT 


REGULATED 
OUTPUT 5V 


NON INV. 
y COMP INPUT 


Circuit Performance Data: 
Line Regulation (AV, = 10V) 0.5mV 
Load Regulation (Al, = 100mA) 1.5mV 
NOTE: For applications employing the TO-5 Style Package and 
where Vz is required, an external 6.2V zener diode 
should be connected in series with Vo (terminal 6). 


FIGURE 29. SHUNT REGULATOR CIRCUIT 


Ge Err CA1523 


Voltage Regulator Control Circuit 
April 1994 for Variable Switching Regulator 


Features Description 


e Operates up to 200kHz The CA1523 monolithic silicon integrated circuit is a variable 
interval pulse regulator designed to provide the control cir- 
* Pins ESD Protected cuitry for use in switching regulator circuits. It operates from 


¢ Remote ON/OFF 11V to 15V. 


e Slow Start with Reset The regulator provides a single output drive capable of 
300mA source/200mA sink. The maximum operating fre- 

¢ Overcurrent Sensing quency is better than 200kHz. An attractive feature of the 
¢ Lower Peak Currents than PWM Regulator CA1523 is that the timing capacitor charge and discharge 
- Less Prone to Magnetic Saturation current is set up externally via a single resistor. The ratio of 
charge to discharge current is internally set at a maximum of 
a 2 to 1 allowing simultaneous change in output pulse width 
Ordering Information with increased frequency at higher load. The pulse width 
variation at higher frequencies effectively compensates for 


PART TEMPERATURE the losses in magnetics and thereby increases the power 
NUMBER RANGE supply efficiency at higher load end by as much as 20 


percent. 
CA1523E 0°C to +70°C 14 Lead Plastic DIP 


Pinout 


CA1523 (PDIP) 
TOP VIEW 


CURRENT SENSE | 2| 


a 
BS 
co 
Oa 
= 
<0 
ef 
Ws 
re) 
a. 


RISE TIME | 4) 11] OVER CURRENT 


OUTPUT GND | 5| SLOW START 
19] LOGIC OUTPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 785 2 
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Specifications CA1523 


Absolute Maximum Ratings Thermal Information 
OC SUDDIY VONA0G ccc ccecaccasvesianstwaen senses wns 15V Thermal Resistance Oya 
Supply Current Plastic DIP PaCkaG® ..05 cs ccasscascasawawe va 120°C/W 
MAMAN) <9 84 Kea e es ee cecana seeks v nase e es ee aeRe CORRE mee +50mA __— Device Dissipation 
le(MAx): 1HS,1800pF Load ...........--...0--. +300, -200mA gO isdachdsn verse dansee dds enerascuatn 665mW 
Device Dissipation Ambient Temperature Range 
UO Th Tae oe ha cnewenecconwcxednsneeeecenenan 530mW ORG a neta os ebaond eVanke ns oeatavedeada 0°C to +70°C 
Above Tg 2 70°C. « s sxecisensacns Derate Linearly at 6.7mW/°C NG 26 t00bsunsurendnnwndnd vee eewekun -55°C to +150°C 


Lead Temperature (During Soldering) 
At distance 1/16 + in. (1.59mm +0.79mm) 
from case for 10S MAK ius ccccc we cans serv cswssewnwn +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 1, = +25°C, Refer to condition shown in test circuit; V7 = 13V, V, = 5.9V Unless Otherwise Specified 


PARAMETERS | PIN | TEST CONDITIONS | min | TYP | MAX | UNITS 


POWER SUPPLY, Veg (PIN 7) 


<3] < 


Supply Voltage 


Supply Current Veco = +13V 


= 


Zener Voltage 


Maximum Pulse Width 


Measured at 6V Threshold Level 
Measured at 6V Threshold Level 


Output High Voltage = OmA, V, = OV 


Output Low Voltage =O lg = SOMA, Vyo = OV 


Minimum Pulse Width 


V 


Rise Time Measured at 1.8V and 10V Threshold Levels 
Measured at 1.8V and 10V Threshold Levels 


Adjust Ry; Observe Pin 6 Min/Max 
Frequency Range 
CHARGE CURRENT (PIN 14) 


Charge Current Adjust Ry, V; = 7.5V; Set V;, = OV, Then V,,4 = 2.5V | 250 | uA 
Discharge Current Adjust Ry = 5.9V; Set V,, = 5.5V, Then 5V | 125 | wa | 


Slow Start Discharge Current Maintain V,4 = 5V, V9 = 5.5V 
Set V;_ = 5.5V, Measure I,4 (Hi) 
Set Vio = 4V, Measure I,,4 (Lo) 

Limits = 1,4 (Hi) - 1,4 (Lo) 


Fall Time 


ERROR VOLTAGE RANGE (PIN 1) 


Error Voltage Reference 


LOGIC TESTS 


Increase V7 Until Vg = 2V 


Vi2 = 5V; Vio = OV; Increase V,, Until Vo < 0.5V 
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Other Desirable Features 


Other desirable features along with various circuit block 
function explanations are listed below. 


e The Oscillator is a sawtooth generator whose charge 
(rise) cycle determines the output pulse width and dis- 


charge which is continuously variable from very low to .e 


maximum of ICHARGE: 


e¢ Charge Iouarce = lo -IlpiscHARGE giving 2 to 1 pulse-width  . 
control 


¢ Discharge IpiscHaRGeE = approximately 0 to 1/2 Io to 
frequency control. 


¢ Pulse Shaping: Applied to the oscillator output via RS . 
Flip-Flop with parallel inhibit controlled by slow-start over- 
current sense, supply voltage monitor and ON/OFF func- 
tions. 


¢ Pulse Rise Time: Modified to meet RFI requirements by 
external slow-down capacitor. 


Slow Start with Reset: Externally programmed against 
internal 3V reference. Reset is initiated upon Inhibit ensur- 
ing soft start at power up and restart. 


Over Current Sense: Internal stable thresholds of 1.2V. 


Supply Voltage Monitors: Locks out the drive until 
Vsupp.y has reached 8V-9V. 


ON/OFF: Activates regulator independent of raw DC. 


Error Amplifier: Compares output against a stable 6.8V 
internal reference and controls the discharge current sink 
on the timing capacitor. 


Band-Gap: Reference voltage (internal) provides temper- 
ature compensated 1.2V and 6.8V references. 


Separate GND: The power GND is separated from circuit 
ground for improved noise. 


ESD Protection: Pins are protected against ESD. 


Block Diagram 


CURRENT 
SENSE Vec 


love c Vcc 


ERROR 
VOLTAGE 


CONTROL 


IRCUIT 
GND) 
GND 


@eeeeaceveueca 


ee@envanveaa2aaaeavpaaeaaaeaena 
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Vcc 
56K 0.0033,.F ~ 
CHARGE bal i 
= current @) = (13) ZENER 
SS ne nae Gana aenanaaaaaaaannaa 
: | CURRENT | REF. VOLT. 
‘ } SOURCES 
8 
‘ Vv 
(Yt) Ic “ee 
Voc love 8 QHIGH 4 > SV 
CLOSES $1 RE 
15K ERROR , +6.8V 
VOLTAGE ! REF 
a 
ee. : Vi 25V a > S 
4 e 
A 20K Ct 
TRIM 3 
RES. | gay x 
= ' cE @ = 
, ‘REF Ip ~ Icv2 Iie 
‘ FOR V, <<6.8V 
TIMING ; $2 OPEN = 
D : WHEN V10 > 6.8V 
8 
a 
240pF 3Ve 
T ~ ¢ REE 
eo : 
a 
& 
t 
& 
: 
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OF pica G2)ONOFF (9) 


FIGURE 1. TEST CIRCUIT FOR THE CA1523 
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PULSE OUTPUT 


CA1523 
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+150V +150 RECT. 
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INPUT é 


BSWVVWVWeseseseeseseveseseses=es 
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-24V 
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FEEDBACK 
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SEC, “C” 


SEC. “D” 
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Vo3 +24V 
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FIGURE 2. TYPICAL APPLICATION CIRCUIT FOR THE CA1523 
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ERROR HR 
REF ? 
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+Vcc 9 — 
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FIGURE 3. TIMING CIRCUIT FOR THE CA1523 
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FARRIS 


SEMICONDUCTOR 


aD 


April 1994 


Features 
e Complete PWM Power Control Circuitry 


e Separate Outputs for Single-Ended or Push-Pull 
Operation 


0.2% (Typ) 


Internal Reference Supply with 1% (Max) Oscillator 
and Reference Voltage Variation Over Full 
Temperature Range 


Standby Current of Less Than 10mA 
Frequency of Operation Beyond 100kHz 


Line and Load Regulation 


Variable-Output Dead Time of 0.51s to 5s 
Low Vce(sat) Over the Temperature Range 


Applications 

e Positive and Negative Regulated Supplies 

¢ Dual-Output Regulators 

e Flyback Converters 
DC-DC Transformer-Coupled Regulating Converters 
Single-Ended DC-DC Converters 


Variable Power Supplies 


CA1524, CA2524 
CA3524 


Regulating Pulse Width Modulator 


Description 


The CA1524, CA2524, and CA3524 are silicon monolithic 
integrated circuits designed to provide all the control circuitry 
for use in a broad range of switching regulator circuits. 


The CA1524, CA2524, and CA3524 have all the features of 
the industry types SG1524, SG2524, and SG3524, 
respectively. A block diagram of the CA1524 series is shown 
in Figure 1. The circuit includes a zener voltage reference, 
transconductance error amplifier, precision R-C oscillator, 
pulse-width modulator, pulse-steering flip-flop, dual alternat- 
ing output switches, and current-limiting and shutdown 
circuitry. This device can be used for switching regulators of 
either polarity, transformer-coupled dc-dc converter, 
transformerless voltage doublers, dc-ac power inverters, 
highly efficient variable power supplies, and polarity 
converter, as well as other power-control applications. 


Ordering Information 


-wowaen |""nanor = | packaoe 
NUMBER RANGE 


CA1524, CA2524, CA3524 
(PDIP, CERDIP) 
TOP VIEW 


INV. INPUT 
NON- 

INV. INPUT 
OSC OUT 
(+) C.L. 
SENSE 

(-) C.L. 
SENSE 

Rr 


Cr 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


7-16 


Copyright © Harris Corporation 1994 


13] COLLECTOR B 


12] COLLECTOR A 


COMPENSATION 
AND COMPARATOR 


1239.3 


File Number 


CA1524, CA2524, CA3524 


Functional Block Diagram 


REFERENCE 
+5V TO ALL 
(15) aie in INTERNAL CIRCUITS 
+ 


VREF 
FLIP Sa 
| | | FLOP 
E 
B 


OSCILLATOR 
T 
lt ° Sp 


@ 

@ 

, © 
vax; 

© 

o 


INPUT 


+5V 
INV. INPUT ERROR + SENSE 
AMP 
oa 
NON-INV. - SENSE 
1kQ 


© 
) 
© 
& 
@ 
© 
© 


SHUTDOWN COMPENSATION AND COMPARATOR 
10kQ 
Cs) GND as 


Test Circuit 


8-40V 
2kQ 
© i 


= 
DO OO ¢ re 
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REGULATORS/ 
POWER SUPPLIES 


Specifications CA1524, CA2524, CA3524 


Absolute Maximum Ratings 


Input Voltage (Between V,, and GND Terminals)............ 40V 
Operating Voltage Range (Vij toGND)................ 8 to 40V 
Output Current Each Output: 

(Terrinal 11, 12 OF 14, 14) 2668 sacecanaendasae sv naees 100mA 
Output Current (Reference Regulator)...............608- 50mA 
Oscillator Charging Current ....cccewcncnnsusvarunencens 5mA 


Thermal Information 
Thermal Resistance 854 


Pisstic DIP PaChAGS «asin ccscevonvecneds sees 100°C/W 
Device Dissipation 

Up to Ty = 425°C... ccc ccc cece cen c cnc ceeceeeees 1.25W 

Above Tg = 428°C .cccscsnssases Derate Linearly at 1OmW/°C 
Operating Temperature Range ................ -55°C to +125°C 
Storage Temperature Range.................. -65°C to +150°C 
Lead Temperature (During Soldering) 

At distance 1/16 + in. (1.59mm +0.79mm) 

from Case fOr 106 WA iso es tienda sc kas eee snes vaxews +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = -55°C to +125°C for CA1524, 0°C to +70°C for the CA2524 and CA3524; V+ = 20V and 
f = 20kHz, Unless Otherwise Stated. 


REFERENCE SECTION 


I, =0 to 20mA 
f = 120Hz, Ty = 25°C 
Vrer = 0, Ta = 25°C 


Load Regulation 


Ripple Rejection 


Short Circuit Current Limit 


Temperature Stability 
Range 


Long Term Stability T, = 25°C 
OSCILLATOR SECTION 

Cy = 0.001pF, Ry = 2KQ 
Ry and Cy Constant 


V+ = 8 to 40V, Ty = 25°C 


Maximum Frequency 
Initial Accuracy 
Voltage Stability 


Temperature Stability 
Range 


Terminal 3, T, = 25°C 
Cy = 0.01pF, Ty = 25°C 
Pin 7 

Pin 7 

Pin 7 (5-2 VaeV/Ry 


Output Amplitude 

Output Pulse Width (Pin 3) 

Ramp Voltage Low (Note 1) 

Ramp Voltage High (Note 1) 
Capacitor Charging Current Range 
Timing Resistance Range 
Charging Capacitor Range Pin 7 


Dead Time Expansion Capacitor on 
Pin 3 (when a small osc. cap is used) 


Small Signal Bandwidth Ay = 0dB, T, = 25°C 


ee ee coe 


RRRROESECTON 
fowmuvowe Cd OP PT ST] 
a 


Over Operating Temperature 


Over Operating Temperature 


[row reatvotes «Vows «dO 
TS 
[Spentoopvorecan fC | 
rat 
[Conmonnoserencmnram Tanase | | 
fe 


ee ee ee ee 


% 


0.001 


= 
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Specifications CA1524, CA2524, CA3524 


Electrical Specifications Ty, = -55°C to +125°C for CA1524, 0°C to +70°C for the CA2524 and CA3524; V+ = 20V and 
f = 20kHz, Unless Otherwise Stated. (Continued) 


PARAMETER TEST CONDITIONS 
Output Voltage T, = 25°C 


Pin 9 Shutdown Current External Sink 


COMPARATOR SECTION 


input Threshold 
Input Threshold Max. Duty Cycle 

Input Bias Current LT 
CURRENT LIMITING SECTION 


Sense Voltage for 25% Output Duty 
Cycle 


Sense Voltage T.C. 


3 


BORE 


on 
ao 


4. : 


Terminal 9 = 2V with Error 220 
Amplifier Set for Max Out, 


Ta = 25°C 


mvV/°C 


BE 
cde 
a 


3 


male 


fel «| 


NOTES: High Wa 
1. Ramp voltage at Pin7 Low where t= OSC period in microseconds 
e t . 


it: t= RyCy with Cy in microfarads and Ry in ohms. 
Output frequency at each output transistor is half OSC frequency when each output is used separately and is equal to the OSC frequency 
when each output is connected in parallel. 


2. Excluding oscillator charging current, error and current limit dividers, and with outputs open. 
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CA1524, CA2524, CA3524 


Schematic Diagram 


(15) Vin 


Cr & i ee or) Mw J 
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AE A A AEA I 


ewenwnwvnaaewwaaeaaaen 


RD 


10K 1.9K -- @eaeeaaenvwanaeanvaaa2aea2eaeee 
J 


Rewer eeen eet ee eee SBBe2 BeBe eer=u=a 


OSC SECTION 


FPP SAAR AAPA AHRABSASAAAAAASALABAASBSSAAAASASPSLSAASASSSLASBSAAASBSSFSPSPSPSSSSSAASGSSATLAAS 


Sees s2 ez eeeeaneeeeaaeaaee2eaeanezeunava2aaza2nznaenaanaveeeaeanaacav2anvaaeaaaaaaacaaaneaacacaat 


Freer Pere rer wtewerwretaweccrwzawaeceewcwwewaweewawweZeee 


BeBe eweewreeee ee eet ewWee ee eenaearaeah eee een eee eee eee eens 
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Schematic Diagram (Continued) 
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Circuit Description 


Voltage Reference Section 


The CAI524 series contains an internal series voltage regu- 
lator employing a zener reference to provide a nominal 5-volt 
output, which is used to bias all internal timing and control 
circuitry. The output of this regulator is available at terminal 
I6 and is capable of supplying up to 50mA output current. 
Figure 1 shows the temperature variation of the reference 
voltage with supply voltages of 8V to 40V and load currents 
up to 20mA. Load regulation and line regulation curves are 
shown in Figures 2 and 3, respectively. 


ee 2 eee Bee 
& 5.00 | | Pee V+ = 40V, h = 20mA 
5 ess am V+ = 8V, 1, =OmA 
© ag (ley 
Ss TTT 
can 
60 -40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (°C) 
FIGURE 1. TYPICAL REFERENCE VOLTAGE AS A FUNCTION 
OF AMBIENT TEMPERATURE 


5.1 i Se a a aay 


REFERENCE VOLTAGE (V) 


0 8 16 24 32 40 48 56 64 72 80 
REFERENCE OUTPUT CURRENT (mA) 


FIGURE 2. TYPICAL REFERENCE VOLTAGE AS A FUNCTION 
OF REFERENCE OUTPUT CURRENT 


REFERENCE VOLTAGE (V) 


0 10 20 
SUPPLY foie V+ ee 


TYPICAL REFERENCE VOLTAGE AS A FUNCTION 
OF SUPPLY VOLTAGE 


FIGURE 3. 


Oscillator Section 


Transistors Q42, Q43 and Q44, in conjunction with an 
external resistor Ry, establishes a constant charging current 
into an external capacitor Cy to provide a linear ramp voltage 
at terminal 7. The ramp voltage has a value that ranges from 
0.6V to 3.5V and is used as the reference for the comparator 
in the device. The charging current is equal to (5-2Vg_e)/R;_ or 
approximately 3.6/Ry and should be kept within the range of 
30pA to 2mA by varying Ry. The discharge time of C+ deter- 
mines the pulse width of the oscillator output pulse at termi- 
nal 3. This pulse has a practical range of 0.5ys to 5us for a 
capacitor range of 0.001 to 0.1,.F. The pulse has two internal 
uses: as a dead-time control of blanking pulse to the output 
stages to assure that both outputs cannot be on simulta- 
neously and as a trigger pulse to the internal flip-flop which 
controls the switching of the output between the two output 
channels. The output dead-time relationship is shown in Fig- 
ure 4. Pulse widths less than 0.5us may allow false trigger- 
ing of one output by removing the blanking pulse prior to a 
stable state in the flip-flop. 


100 oe an os oe Sta as ae ioe eae 
= Ta = +25°C 


V+ = 8V- 40V CLL 


1.0 


OUTPUT DEAD TIME (is) 


smilie ciamiiinn 1 
ov LLU T TET ET 


0.001 0.01 0.1 1.0 
TIMING CAPACITOR, Cy (y:F) 


0.0001 


FIGURE 4. TYPICAL OUTPUT STAGE DEAD TIME AS A 
FUNCTION OF TIMING CAPACITOR VALUE 


If a small value of Cy; must be used, the pulse width can be 
further expanded by the addition of a shunt capacitor in the 
order of 100pF but no greater than 1000pF, from terminal 3 
to ground. When the oscillator output pulse is used as a sync 
input to an oscilloscope, the cable and input capacitances 
may increase the pulse width slightly. A 2-KQ resistor at 
terminal 3 will usually provide sufficient decoupling of the 
cable. The upper limit of the pulse width is determined by the 
maximum duty cycle acceptable. 


The oscillator period is determined by Ry and Cy, with an 
approximate value of t = R7Cy, where Ry is in ohms, Cr is in 
LF, and t is in us. Excess lead lengths, which produce stray 
capacitances, should be avoided in connecting Ry and Cy to 
their respective terminals. Figure 5 provides curves for 
selecting these values for a wide range of oscillator periods. 
For series regulator applications, the two outputs can be 
connected in parallel for an effective 0-90% duty cycle with 
the output stage frequency the same as the oscillator 
frequency. Since the outputs are separate, push-pull and 
flyback applications are possible. The flip-flop divides the 
frequency such that the duty cycle of each output is 0-45% 
and the overall frequency is half that of the oscillator. Curves 
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of the output duty cycle as a function of the voltage at 
terminal 9 are shown in Figure 7. To synchronize two or 
more CAI524’s, one must be designated as master, with Ry 
Cy set for the correct period. Each of the remaining units 
(slaves) must have a Cy of 1/2 the value used in the master 
and approximately a 1010 longer RyCy period than the mas- 
ter. Connecting terminal 3 together on all units assures that 
the master output pulse, which occurs first and has a wider 
pulse width, will reset the slave units. 


TIMING RESISTANCE, Ry (Q) 


OSCILLATOR PERIOD, t (us) 


FIGURE 5. TYPICAL OSCILLATOR PERIOD AS A FUNCTION 
OF R; AND C; 


Error Ampllifler Section 


The error amplifier consists of a differential pair (Q56,Q57) 
with an active load (Q61 and Q62) forming a differential 
transconductance amplifier. Since Q61 is driven by a 
constant current source, Q62, the output impedance Roy, 
terminal 9, is very high (= 5MQ). 


The gain is: 
Ay = OmR = 8 Io R/2KT = 10%, 
Rout R 
where R= ————— , Ry, =, Ay = 104 
Rout + Rr 


Since Royrt is extremely high, the gain can be easily 
reduced from a nominal 10* (80dB) by the addition of an 
external shunt resistor from terminal 9 to ground as shown in 
Figure 6. 


v0 
Ps 
— > 
a 7) 
zs m 
z 4 
S 2 
Ww m 
g ie) 
5 5 
oO B*) 
> mi 
m 
2 

90° 

0 

FREQUENCY oe 
FIGURE 6. OPEN-LOOP ERROR AMPLIFIER RESPONSE 
CHARACTERISTICS. 


The output amplifier terminal is also used to compensate the 
system for ac stability. The frequency response and phase 
shift curves are shown in Figure 7. The uncompensated 
amplifier has a single pole at approximately 250Hz and a 
unity gain cross-over at 3MHz. 


Since most output filter designs introduce one or more 
additional poles at a lower frequency, the best network to 
stabilize the system is a series RC combination at terminal9 
to ground. This network should be designed to introduce a 
zero to cancel out one of the output filter poles. A good start- 
ing point to determine the external poles is a 1000-pF 
capacitor and a variable series 50-KQ potentiometer from 
terminal 9 to ground. The compensation point is also a 
convenient place to insert any programming signal to 
override the error amplifier. internal shutdown and current 
limiting are also connected at terminal 9. Any external circuit 
that can sink 200A can pull this point to ground and shut off 
both output drivers. 


While feedback is normally applied around the entire regula- 
tor, the error amplifier can be used with conventional 
operational amplifier feedback and will be stable in either the 
inverting or non-inverting mode. Input common-mode limits 
must be observed; if not, output signal inversion may result. 
The internal 5V reference can be used for conventional regu- 
lator applications if divided as shown in Figure 8. If the error 
amplifier is connected as a unity gain amplifier, a fixed duty 
cycle application results. 


48 
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Ry = 6.19k 
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o 
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& 


= =1000pF 
Ry = 5k 
fosc = 20kHz 
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FIGURE 7. TYPICAL DUTY CYCLE AS A FUNCTION OF 
COMPARATOR VOLTAGE (AT TERMINAL 9). 
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FIGURE 8. TYPICAL OUTPUT SATURATION VOLTAGE AS A 
FUNCTION OF AMBIENT TEMPERATURE. 
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CA1524, CA2524, CA3524 


Output Section 


The CA1524 series outputs are two identical n-p-n 
transistors with both collectors and emitters uncommitted. 
Each output transistor has antisaturation circuitry that 
enables a fast transient response for the wide range of 
oscillator frequencies. Current limiting of the output section 
is set at 100mA for each output and 100mA total if both 
outputs are paralleled. Having both emitters and collectors 
available provides the versatility to drive either n-p-n or p-n-p 
external transistors. Curves of the output saturation voltage 
as a function of temperature and output current are shown in 
Figures 8 and 9, respectively. There are a number of output 
configurations possible in the application of the CA1524 to 
voltage regulator circuits which fall into three basic 
classifications: 


1. Capacitor-diode coupled voltage multipliers 
2. Inductor-capacitor single-ended circuits 
3. Transformer-coupled circuits 


Ta= +25°C 


V+ = 8V to 40V F | fo] | 


OUTPUT SATURATION VOLTAGE (V) 


OUTPUT CURRENT, I, (mA) 


FIGURE 9. TYPICAL OUTPUT SATURATION VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 


Device Application Suggestions 


For higher currents, the circuit of Figure 10 may be used with 
an external p-n-p transistor and bias resistor. The internal 
regulator may be bypassed for operation from a fixed 5V 
supply by connecting both terminals 15 and 16 to the input 
voltage, which must not exceed 6V. 


Ql 


i TOI, 
DEPENDING 
ON CHOICE 
CA1524 FOR Q1 
REFERENCE 


SECTION 


FIGURE 10. CIRCUIT FOR EXPANDING THE REFERENCE 
CURRENT CAPABILITY 


The internal 5V reference can be used for conventional regu- 
lator applications if divided as shown in Figure 11. If the error 
amplifier is connected as a unity gain amplifier, a fixed duty 
cycle application results. 


VREF POSITIVE 
OUTPUT 


5K VOLTAGES 


2.5V (R1 + R2) 
VQ -— 
R1 
R1R2 
R1 + R2 


= 2.5KW 


5K 


5K NEGATIVE 


OUTPUT 
VOLTAGES 


GND R2 


FIGURE 11. ERROR AMPLIFIER BIASING CIRCUITS 


CA1524 
REFERENCE 
SECTION 


V+ CANNOT 
EXCEED 6V 


NOTE: V+ Should Be in the 5V Range 
And Must Not Exceed 6V 


FIGURE 12. CIRCUIT TO ALLOW EXTERNAL BYPASS OF THE 
REFERENCE REGULATION 


To provide an expansion of the dead time without loading the 
oscillator, the circuit of Figure 13 may be used. 


Os) 


ska 3 «—}-—(0) 
@) 


FIGURE 13. CIRCUIT FOR EXPANSION OF DEAD TIME, WITH- 
OUT USING A CAPACITOR ON PIN 3 OR WHEN A 
LOW VALUE OSCILLATOR CAPACITOR IS USED 
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Vo = 5V 


FIGURE 14. FOLDBACK CURRENT-LIMITING CIRCUIT USED 
TO REDUCE POWER DISSIPATION UNDER 
SHORTED OUTPUT CONDITIONS 


D1 
V+ +Vo 


V+ ——o%C Vo 
Sa 
Sp IV+1>1 Vol 


NOTE: Diode D1 Is Necessary To Prevent Reverse 
Emitter-Base Breakdown of Transistor Switch S,. 


FIGURE 15. CAPACITOR-DIODE COUPLED VOLTAGE 


MULTIPLIER OUTPUT STAGES 
Sa/SpB 
V+ ——o°% +Vo 
V+>Vo 
V+ +Vo 
Sa/Sp l V+< Vo 
S,/Sp 
a af -Vo 
IV+l<IVogl 


FIGURE 16. SINGLE-ENDED INDUCTOR CIRCUITS WHERE THE 
TWO OUTPUTS OF THE 1524 ARE CONNECTED IN 
PARALLEL 


TABLE 1. INPUT vs. OUTPUT VOLTAGE, AND FEEDBACK 
RESISTOR VALUES FOR I, = 40mA (FOR CAPACI- 
TOR-DIODE OUTPUT CIRCUIT IN FIGURE 18) 


CO ECT 


FLYBACK 
V+ 
SB 
PUSH-PULL 
i CAN BE S, OR 
Vo Sq CAN DRIVEQ1 
aH Ker 
* CAN BE Sg OR 
Sp CAN DRIVEQ2 
[Sa |-K, 22 


FULL BRIDGE 


FIGURE 17. TRANSFORMER-COUPLED OUTPUTS 
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CA1524, CA2524, CA3524 


Applications (note 1) 


A capacitor-diode output filter is used in Figure 19 to convert 
+15Vp¢ to -5Vpc at output currents up to 50mA. Since the 
output transistors have built-in current limiting, no additional 
current limiting is needed. Table 1 gives the required 
minimum input voltage and feedback resistor values, R2, for 
an output voltage. 


Capacitor-Diode Output Circuit 


A capacitor-diode output filter is used in Figure18 to convert 
+15Vp¢ to -5Vp¢ at output currents up to 50mA. Since the 
output transistors have built-in current limiting, no additional 
current limiting is needed. Table 1 gives the required 
minimum input voltage and feedback resistor values, R2, for 
an output voltage range of -0.5V to -20V with an output 
current of 40mA. 


VOCE 


Single-Ended Switching Regulator 


The CA1524 in the circuit of Figure 19 has both output 
stages connected in parallel to produce an effective 0% - 
90% duty cycle. Transistor Q1 is pulsed on and off by these 
output stages. Regulation is achieved from the feedback 
provided by R1 and R2 to the error amplifier which adjusts 
the on-time of the output transistors according to the load 
current being drawn. Various output voltages can be 
obtained by adjusting R1 and R2. The use of an output 
inductor requires an R-C phase compensation network to 
stabilize the system. Current limiting is set at 1.9 amperes by 
the sense resistor R3. 


NOTE: 
1. For additional information on the application of this device and a 


further explanation of the circuits below, see Harris Application 
Note AN6915 “Application of the CA1524 series PWM IC”. 


20uF !N4001 


, “ov 
20mA 


50yuF 


R1 = 5KQ 
R1 (1 Vol + 2.5) 
(Ver - 2.5) 


R2= 


FIGURE 18. CAPACITOR-DIODE OUTPUT CIRCUIT 


ee SR 


+28V ¢ 


AB 


) 
) i 


5 +5V IA 
0.9mH 


2N6388 


500uF 


Saeene2e2en2aenan 


RURD410 


0.001 ,F 


50KQ 
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Flyback Converter 


Figure 20 shows a flyback converter circuit for generating a 
dual 15V output at 20mA from a 5V regulated line. 
Reference voltage is provided by the input and the internal 
reference generator is unused. Current limiting in this circuit 
is accomplished by sensing current in the primary line and 
resetting the soft-start circuit. 


Push-Pull Converter 


The output stages of the CA1524 provide the drive for 
transistors Q1 and Q2 in the push-pull application of Figure 
21. Since the internal flip-flop divides the oscillator frequency 
by two, the oscillator must be set at twice the output 
frequency. Current limiting for this circuit is done in the 
primary of transformer T1 so that the pulse width will be 
reduced if transformer saturation should occur. 


2N6290 
CORE: FEROX CUBE 
Ye 2213P - A250 - 387 
6202 OR EQUIVALENT 


Low-Frequency Pulse Generator 


Figure 22 shows the CA1524 being used as a low-frequency 
pulse generator. Since all components (error amplifier, 
oscillator, oscillator reference regulator, output transistor 
drivers) are on the IC, a regulated 5-V (or 2.5-V) pulse of 0% 
- 45% (or 0% - 90%) on time is possible over a frequency 
range of 150 to 500Hz. Switch S1 is used to go from a 5-V 
output pulse (S1 closed) to a 2.5-V output pulse (S1 open) 
with a duty cycle range of 0% to 45%. The output frequency 
will be roughly half of the oscillator frequency when the 
output transistors are not connected in parallel (75Hz to 
250Hz, respectively). Switch S2 will allow both output stages 
to be paralleled for an effective duty cycle of 0%-90% with 
the output frequency range from 150 to 500Hz. The 
frequency is adjusted by R1; R2 controls duty cycle. 


RURD620 
o +15V 
° SOT | Sour 
irl 
er | 
50uF 
9 -15V 
RURD620 


10 


FIGURE 20. FLYBACK CONVERTER CIRCUIT 


oS 


te 
il 


RURD620 1mH 


S) ; 


seat 
© 
(2) 


RURD620 


FIGURE 21. PUSH-PULL TRANSFORMER-COUPLED CONVERTER 
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+5 
VREFERENCE 
1.1K 1.1K 
” TO PIN 9 
DUTY CYCLE fl H6| '/,$2 
R2<¢ , ADJUSTMENT TOPIN12 TOPIN13 
10K A 15) V+ = 9V OUTPUT 1 OUTPUT 2 
3 | 14) OUTPUT 1A 
2K A 
4 13} 1.5K S16, 
a Ip82 
— =< 5 2 — — 
~ 6 in) OUTPUT 2A 
R1 » 1 
FREQUENCY 50K HO 1.5K 1281 
ADJUSTMENT a tT 


0.1p,F = = 
= «SILVER SWITCH | PULSES CYCLE 
st [ove | oma 
a ee 


FIGURE 22. LOW-FREQUENCY PULSE GENERATOR 


The Variable Switcher 


The circuit diagram of the CA1524, used as a variable output varied, the feedback voltage will track that level and cause 
voltage power supply is shown in Figure 23. By connecting the output voltage to change according to the change in 
the two output transistors in parallel, the duty cycle is reference voltage. 

doubled, i.e., O% - 90%. As the reference voltage level is 


_ oe 2N6385 7V -30V 
(PNP DARLINGTON) OA-3A 

36 Voc —- 7 

Ql oy 
OUT 


Tau 


NON-POLAR 


C4 
0.1F 
D1-D4 - A15A 
ORETURN 
BIFILAR C6 
WINDING _T 25nF 
NON-POLAR 


R3 R10 
10K 16K 
C11 
R4 0.01,F 
5K 
C10 
1100pF 
SILVER 
R5 
2K MICA 


VOLTAGE 
CONTROL fosc = 20KHz 


FIGURE 23. THE CA1524 USED AS A 0-5A, 7-30 V LABORATORY SUPPLY 
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Digital Readout Scale 


The CA1524 can be used as the driving source for an 
electronic scale application. The circuit shown in Figures 24 
and 25 uses half (Q2) of the CA1524 output in a low-voltage 
switching regulator (2.2V) application to drive the LED’s 
displaying the weight. The remaining output stage (Q1) is 
used as a driver for the sampling plates PL1 and PL2. Since 
the CA1524 contains a 5V internal regulator and a wide 
operating range of 8V to 40V, a single 9V battery can power 
the total system. The two plates, PL1 and PL2, are driven 
with opposite phase signals (frequency held constant but 
duty cycle may change) from the pulse-width modulator IC 
(CA1524). The sensor, S, is located between the two plates. 
Plates PL1, S and PL2 form an effective capacitance bridge- 
type divider network. As plate S is moved according to the 


OSCILLATOR = 20KHz 
(PART OF CA1524) 


COUPLED TO 
MECHANICAL 


SCALE MECHANISM 


SJL ruttscate 


NO WEIGHT 


CA3130 


object’s weight, a change in capacitance is noted between 
PL1, S and PL2. This change is reflected as a voltage to the 
ac amplifier (CA3160). At the null position the signals from 
PL1 and PL2 as detected by S are equal in amplitude, but 
opposite in phase. As S is driven by the scale mechanism 
down toward PL2, the signal at S becomes greater. The 
CA3160 ac amplifier provides a buffer for the small signal 
change noted at S. The output of the CA3160 is converted to 
a dc voltage by a peak-to-peak detector. A peak-to-peak 
detector is needed, since the duty cycle of the sampled 
waveform is subject to change. The detector output is filtered 
further and displayed via the CA3161E and CA3162E digital 
readout system, indicating the weight on the scale. 


DC 
VOLTAGE 


PEAK TO PEAK 
DETECTOR 


LOW PASS 
FILTER 


DISPLAY DRIVE 
(PART OF CA1524) 


DIGITAL METER 
AND DISPLAY 


FIGURE 24. BASIC DIGITAL READOUT SCALE 


ZERO 
ADJUSTMENT 


DIGIT 
DRIVERS 


eS) @& 


GAIN 
ADJUSTMENT 


OR EQUIVALENT 
COMMON- 


NOTE: 
1. FAIRCHILD FND507 OR EQUIVALENT 


FIGURE 25. SCHEMATIC DIAGRAM OF DIGITAL READOUT SCALE (CONT’D) 
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9V 


TO SCALE 
MECHANISM Se ve 
sai 2uF OF 2uF 
430K 
= 300K A 
2N4037.— = on 2.5V 
gv © 
: 4.7K 
5V 
4.7K 
4.7K 
FIGURE 26. SCHEMATIC DIAGRAM OF DIGITAL READOUT SCALE 
83 
0 20 40 60 80 
73-| 1 | | | | | | | 
60-— 
40- 
70-78 
- 1.778-1.981) 
20-m 
fh lL GSS 
- =: “1 Jip z = 
am 4-10 
| (0.102 -0.254) | 
80-88 
(2.032-2.235) , 
DIMENSIONS AND PAD LAYOUT FOR CA3524RH CHIP 
NOTE: Dimensions in parentheses are in millimeters and are de- the wafer. When the wafer is cut into chips, the cleavage angles are 


rived from the basic inch dimensions as indicated. Grid graduations 57° instead of 90° with respect to the face of the chip. Therefore, the 
are in mils (10° inch). The layout represents a chip when itis partof —_ isolated chip is actually 7 mils (0.17mm) larger in both dimensions. 
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Positive Voltage Regulators from 
1.7V to 46V at Currents Up to 100mA 


HARRIS 


SEMICONDUCTOR 


aD 


April 1994 


Features 


e Up to 100mA Output Current 

¢ Input and Output Short-Circuit Protection 

e Load and Line Regulation 

e¢ Pin Compatible with LM100 Series 
Adjustable Output Voltage 


Applications 


¢ Shunt Voltage Regulator 

e Current Regulator 

e¢ Switching Voltage Regulator 

¢ High-Current Voltage Regulator 
Combination Positive and Negative Voltage Regulator 
¢ Dual Tracking Regulator 


Vin MAX LOAD 
eg nance REGULATION 
TYPE (%Vour) 
CA3085 | 7.5 to a 1 _ to 26 12 
(Note 1) 


[casoesa [75m [Twas] 100 | om 
[casoass [75050] 17146] 100 | 015 


NOTE: 


1. This value may be extended to 100mA; however, regulation is 
not specified beyond 12mA. 


Pinouts 
CA3085, A, B, E, AE, BE (PDIP) 
TOP VIEW 
~ | CURRENT 
Fi LIMIT 


CURRENT , 
BOOSTER COMPANHIBIT 


STARTING 
CIRCUIT 


CA3085S, AS, BS (CAN) 
TOP VIEW 


CURRENT 
LIMIT 


CURRENT 
BOOSTER 


SUBSTRATE (4) Vice (©) © INV 


Description 


The CA3085, CA3085A, and CA3085B are silicon monolithic integrated 
circuits designed specifically for service as voltage regulators at output 
voltages ranging from 1.7V to 46V at currents up to 100 milliamperes. 


A block diagram of the CA3085 Series is shown. The diagram shows 
the connecting terminals that provide access to the regulator circuit 
components. The voltage regulators provide important features such 
as: frequency compensation, short-circuit protection, temperature- 
compensated reference voltage, current limiting, and booster input. 
These devices are useful in a wide range of applications for regulating 
high-current, switching, shunt, and positive and negative voltages. They 
are also applicable for current and dual-tracking regulation. 


The CA3085A and CA3085B have output current capabilities up to 
100mA and the CA3085 up to 12mA without the use of external pass 
transistors. However, all the devices can provide voltage regulation at 
load currents greater than 100mA with the use of suitable external pass 
transistors. The CA3085 Series has an unregulated input voltage rang- 
ing from 7.5V to 30V (CA3085), 7.5V to 40V (CA3085A), and 7.5V to 
50V (CA3085B) and a minimum regulated output voltage of 26V 
(CA3085), 36V (CA3085A), and 46V (CA3085B). 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


CA3085, A, B -55°C to +125°C 8 Pin Metal Can 
CA3085E, AE, BE -55°C to +125°C 8 Lead Plastic DIP 


Functional Block Diagram 


UNREGULATED 


INPUT (V‘4) @ CURRENT (9) (7) COMPENSATION AND 


BOOSTER EXTERNAL INHIBIT 


CURRENT 


REGULATED 
OUTPUT 


() CURRENT 
INPUT LIMITING 


ty 
BS 
co 
On 
i. = 
<mH 
3 oi 
ws 
co 
a. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications CA3085, CA3085A, CA3085B 


Absolute Maximum Ratings Thermal Information 

SOY VANAOS 66 oie cecnede Nantacen ocineds bensean ees +7.0V Thermal Resistance Bj Bic 

Unregulated Input Voltage Metal Can (Without Heat Sink) ...... 156°C/W 68°C/W 
GGUS S: 06 HOLES ORRDK RN KORER SORT OR SOE ee RR Owe 30V Plastic DIP Package ....0..scseenes 155°C/W - 
CAGUGSA, 2 sacepentenes ectsades saaease nent aa kanes 40V Maximum Package Power Dissipation 
o) 6 (> Me. ee er ee ee er ee eee 50V Plastic DIP (Without Heat Sink) 

Storage Temperature Range ...............4. -65°C to +150°C Ute Vg SONS orccaes ee ccercevadeasanncaunese 630mW 

Junction Temperature... 0... cece eee eee +175°C Above Ty = 58°C .occasatssan Derate Linearly at 6.67mW/C 
Plast DIP PACKAGS s sacs cece wedes aia cane dowowaws +150°C Metal Can (With Heat Sink) 

Lead Temperature (Soldering 10S).............0.e000- +265°C U1 Tg Sk sac caus tardinur eee dewewanenone de 1.6W 

Above Tg = 58°C wu ccssceceuns Derate Linearly at 16.7mW/°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range.............. eee ee eee +1.7V to+46V Operating Temperature Range................ -55°C to +125°C 


Maximum Voltage Ratings 


The following chart gives the range of voltages which can be applied to the terminal listed vertically with respect to the terminals listed 
horizontally. For example, the voltage range between vertical Terminal Number 7 and horizontal Terminal Number 1 is +3 to -10V. 


TERMINAL 

NUMBER 
+5 si 
<a 


—_im + cy 2) 
-10 
+5 
-1 
+10 0 + (Note 2) 
- (Note 2) - (Note 2) 0 
2 + (Note 2) 
0 
3 + (Note 2) 
0 
4 Substrate 
and Case 


NOTES: 


1. Voltages are not normally applied between these terminals; however, voltages appearing between these terminals are safe, if the specified 
voltage limits between all other terminals are not exceeded. 


2. 30V (CA3085); 40V (CA3085A); 50V (CA3085B) 


Maximum Current Ratings 


TERMINAL 
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DC Electrical Specifications T, = +25°C, Unless Otherwise Specified 
CA3085 


CA3085A CA3085B 


TEST 
CONDITIONS 


i 
~ 

il 
i 


NITS 


E 
a 


N 
N 
eed -~S ok, 
MN oO N 


PARAMETERS | SYMBOL 


DC CHARACTERISTICS 


Reference Vrer V*iIN = 15V (Figur @ 3) 
Voltage 


Quiescent *\n = 30V (Figure 3) 
+ = 


_ 
N 


Vv 
Regulator Current 
V*w = 40V (Figure 3) 
V*iw = 5OV (Figure 3) 


Input Voltage ViN(range) . 
Range 


Maximum Output | Voymax) | V*in = 30, 40, SOV 
Voltage (Note 1); Ry = 365Q; 
Term. No. 6 to GND 
(Figure 3) 
Maximum Output | Vomin) | V"in = 30V (Figure 3) 
Voltage 
ag a 


27 


N 


Voltage 
Differential 


N 
oa 


Limiting Current 


Vout = 10V, 


RSCP = 6Q (Note 2) 
(Figure 6) 


Load Regulation %Vout 


(Note 3) 


I =1to 100mA, %Vout 


Rscp = 0, 
Ta = 0°C to +70°C 


IL = 1 to 12mA, 


ar 
Sou 
DvD 
= 
— ion 
: 
on on 


i 
BS 
a 
On 
SS 
<= 
cf 
ws 
Lo 
a. 


Rgcp = 0 
Line Regulation I, = 1mA, Regp = 0 | = | 0.025 | 0.1 | = | 0.025 0.075 lV 
(Note 4) 

I = 1mA, Rgcp se 0, WIV 

Ta = 0°C to +70°C 
semana | Wwe [Vaca [oww=o] [oe || foe | = 
Output Voltage (Figure 10) 

Crer = mVp-p 


Ripple Rejection 


= 
° 
© 


Output Resis- 0.075 
tance 
Temperature 0.0035 APC 


Coefficient of 
Reference and 
Output Voltages 


(Note 4) 


V*iw = 25V, f = 1kHz 0.075 0.075 
(Figure 11) 
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DC Electrical Specifications TT, = +25°C, Unless Otherwise Specified (Continued) 


CA3085 CA3085A CA3085B 
TEST 
rarauerers [svuoot| conorions [wn] we [wax [wn] we [wax [ww] Te [wax | uns 


LOAD TRANSIENT RECOVERY TIME 


Turn On V*in = 25V, +50MA 
Step (Figure 16) 


Turn Off torr V*in = 25V, -50MA 
Step (Figure 16) 


LOAD TRANSIENT RECOVERY TIME 


2V Step 


NOTES: 
1. 30V (CA3085), 40V (CA3085A), 50V (CA3085B) 
2. Rgcp: Short Circuit Protection Resistance 
3. Load Regulation = [AVoyrz + Voyr(initial)] x 100% 
4. Line Regulation = [AVoyr + Voyrfinitial)(AVj,\))] x 100% 


TI STANCOR TP3 
CA3085, A, B 


COMPENSATION 
AND EXTERNAL BLACK 


INHIBIT WHITE 
120V 
14 CURRENT 60Hz | 
5 BOOSTER 
; 
BLACK 
RED 
REGULATED 
OUTPUT 
INV. CURRENT 
— INPUT LIMITING 
SUBSTRATE Vout = 3.5V to 20V (0 to 90mA) 
Regulation = 0.2% (Line and Load) 
All Resistance Values are in Ohms Ripple < 0.5mvV at Full Load 
FIGURE 1. SCHEMATIC DIAGRAM OF CA3085 SERIES FIGURE 2. APPLICATION OF THE CA3085 SERIES IN 
A TYPICAL POWER SUPPLY 
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Test Circuits and Typical Performance Curves 


AMBIENT TEMPERATURE (Ta) = +25°C 


IQUIESCENT 


CONNECTTERM 
TEST Re NO. 6 


Veer | =| +18 [Open [open 
Tavescewr | = | +40 [Oven [Open 


QUIESCENT REGULATOR CURRENT (mA) 
w 


Vourmaxy | 3650] +40 | Ground | Closed . = a a aCe 
FIGURE 3. TEST CIRCUIT FOR Vper, louiescent» Vout(max) FIGURE 4. Iquiescent VS V*in 


VouT(MIN) 


NORMALIZED CURVE GENERATED FROM 
IQuIESCENT V8 V+in CURVE WITH Ta = +25°C =I 


= 
iz 6Q (NOTE 2) 
gu RSCP 
wor 
3D 1 
oe 
He | 
a3 
=o Vour = 10V 
° | 
08 55 50 -25 0 25 50 75 100 125 . Nome = 1.6.x (R, + Rp +R,) 7 
AMBIENT TEMPERATURE (°C) 2. The limits current is inversely proportional to Rgcp 
FIGURE 5. NORMALIZED lgujescent V8 Ta FIGURE 6. TEST CIRCUIT FOR LIMITING CURRENT 


INPUT VOLTS (V+) = 15 
OUTPUT VOLTS (V+oy7) = 10 
5 AMBIENT TEMPERATURE (Ta) = +25°C 
-_ (eo) ’ 
< > 
E z 
— fy 
f g 
& 
oO = | 
g he 
E 1 
= g 
_ S 
INPUT VOLTS (V+jy) = 15 
OUTPUT VOLTS (V+oy7) = 10 
75 50 -25 O 25 50 75 100 125 "0 20 40 60 80 100 
AMBIENT TEMPERATURE (°C) LOAD CURRENT (mA) 
FIGURE 7. Ijy VS Ty FIGURE 8. LOAD REGULATION CHARACTERISTICS 
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CA3085, CA3085A, CA3085B 


Test Circuits and Typical Performance Curves (Continued) 


INPUT VOLTS (V4) = 20 
OUTPUT VOLTS (V+ oy) = 10 
0.05 
5 0.04 
5 
= 0.03 
5 © VNOISE 
> 
G 0.02 
Ww 
rv 
2 0.01 
a 
0 
-75 50 £-25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) 
FIGURE 9. LINE REGULATION TEMPERATURE FIGURE 10. TEST CIRCUIT FOR NOISE VOLTAGE 
CHARACTERISTICS 


TEST PROCEDURES FOR TEST CIRCUIT FOR RIPPLE 
REJECTION AND OUTPUT RESISTANCE 


Output Resistance 


Conditions 
1. Vin = +25V, Crer = 0, Short E, 
2. Set Ego at 1kHz so that E> = 4Vaus 
3. Read Voyz on a VTVM, such as a Hewlett-Packard, HP400D or 
Equivalent 
4. Calculate Rout from Rout = Vout(Ri /E2) 


Ripple Rejection - | 


Conditions 
hy Vin = +25V, Crer = 0, Short E. 
2. Set Es; at 1kHz so that E; = 3Vanys 
3. Read Voy7 on a VTVM, such as a Hewlett-Packard, HP400D or 


100pF 


Tj, Tg = STANCOR TP-3 


Equivalent 
nce | 4. Calculate Ripple Rejection from 20 log (E,/Vout) 
we “5 Ripple Rejection - il 
Conditions 


FIGURE 11. TEST CIRCUIT FOR RIPPLE REJECTION AND 1. Repeat Ripple Rejection | with Crep = 2uF 


OUTPUT RESISTANCE 


10 nS ae BS SS ON NS 8 OB 


‘i i 2 INPUT VOLTS (V+,y) = 27V 
4 [| INPUT VOLTS (Vy) = 27V y = FREQUENCY (f) = 1kHz 
_ AMBIENT TEMPERATURE (Ta) = +25°C y 4il o CUTPUT EBISTANES (Ro) = 0.0750 
a v < A 
w ELT TT TT AT a 
z 0.8 oe ey a A es) Ge a es ee ee i Pe ee ee 77) 
a Ce TTT a ws 
2 04 5 
c 02 S 
5 re) 
2 0.1 = 
o "0.08 Kad ul 
3 204 — = 
sa Et : 
i SCHICCOIE CIC S 
o1 2 488, 2.468 2 468 2 468) 
, FREQUENCY (kHz) AMBIENT TEMPERATURE (°C) 
FIGURE 12. ro vs f FIGURE 13. NORMALIZED fo vs T, 
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Test Circuits and Typical Performance Curves (Continued) 


REFERENCE VOLTS (Vperf) = +1.6V 
(AT Ta = +25°C) 
LOAD CURRENT (I) = 0 


% VREF 


A CHANGE IN REFERENCE VOLTAGE - 
A CHANGE IN OUTPUT VOLTAGE - % Vout 
° 
o w 


ed 
bo 


S 
= 


° 


S 
ho 


© 
we 


75 -50 -25 O 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) 


FIGURE 14. TEMPERATURE COEFFICIENT OF Vaer AND Voy 


QUIESCENT OUTPUT 
CURRENT =1.5mA 


ee 


.--- OPERATION WITHOUT 
HEAT SINK 


— OPERATION WITH 


TI 
HEAT SINK 


INPUT VOLTS 
(Vin) = 20V 


INPUT VOLTS 
(Vy) = 10V 


INPUT VOLTS MINUS OUTPUT VOLTS (Vin - Vout) 


0 20 40 60 80 100 
OUTPUT (mA) 


FIGURE 15. DISSIPATION LIMITATION (Vin - Vout VS lout) 


> V* out = 15V 


TYPE 
2N3261 ~~ ules 7 


t (1j:s/cm) 


FIGURE 16. TURN-ON AND TURN-OFF RECOVERY TIME TEST CIRCUIT WITH ASSOCIATED WAVEFORMS 


See Application Note AN6157 for further information 
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CA3085, CA3085A, CA3085B 


Typical Regulator Circuits 


TYPE 
VIN 2N5497 
(UNREGULATED 
SUPPLY) 
ae Vout 
(REGULATED 
OUTPUT) 
—. 100pF 
NOTE: __ Re 


1. Ry and Ro Selected for 
Desired Output R, + R, 


" = Var ( R, 


FIGURE 17. TYPICAL HIGH CURRENT VOLTAGE REGULATOR 
CIRCUIT 


(NOTE 1) OUTPUT 


0.001 LF 


All Resistance Values are in Ohms 
D,: 1N4001 or Equivalent 
Q,: 2N5322 or Equivalent 


NOTE: 
1. R, =0.7 |, (Max) 


FIGURE 19. TYPICAL SWITCHING REGULATOR CIRCUIT 
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Q,: Any N-P-N Silicon Transistor that can handle a 2A Load 
Current such as 2N3772 or Equivalent 


NOTE 
1.  =1.6+R,, 200A <1, $2A 


FIGURE 18. TYPICAL CURRENT REGULATOR CIRCUIT 


=H. 
V+ouT 
A, 
uF Lt 3) 6) Ss 
(50V) | - a 2 
= (4) 
0.001pF R, 
V+ 
Poh end + 
(8) 
1.5K ale cAas088 
7 (4) i (5) $ Re 
3 (NOTE 1) 
pw] |e 
7 Q; Ry 
IN r 4 Race (NOTE 1) 
(NOTE 2) Vout 
° s 50uF 
+. 2uF (50V) a i (50V) 


All Resistance Values are in Ohms 
Q,: 2N2102 or Equivalent 


Q,: Any P-N-P Silicon Transistor (2N5322 or Equivalent) 

Q,: Any N-P-N Silicon Transistor that can handle the desired 
Load Current (2N3772 or Equivalent) 

NOTE: 

1: Vout = (Ry + Ro) oa R, 

2. Rgcp: Short Circuit Protection Resistance 


FIGURE 20. COMBINATION POSITIVE AND NEGATIVE 


VOLTAGE REGULATOR CIRCUIT 
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aD 
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Features Description 


® 


Dual 5V Regulator 

- Voyti at 5V 100mA - Standby 
= Vout2 at 5V 100mA - Enabled 
- Regulation Range 6V to 18V 
- Bandgap Voltage References 


Low Quiescent Idle Current, 500A Typ. 


Over-Voltage Shutdown Protection, 20.5V Typ. 


Reverse Battery Protection, -26V Max. 
Thermal Shutdown Protection 

Short Circuit Current Limiting 

Low Input P.S. Flag and Delayed Reset Control 
Low Voltage Shutdown Control, Ouputt1 
Ignition Comparator Logic Level Control 


Data Comparator and 100X Current Mult. Used 
as Input/Output Buffers for Remote Serial Data 


Communication 


Applications 

e« Automotive 5V Regulators and Data Buffers 
e Industrial Controller Remote System 

e Microcontroller and Memory Power Supply 
¢ Radio, TV, CATV, Consumer Applications 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


CA3277 (PDIP) 
TOP VIEW 


BATT 
OUT1 
DATA IN 
GND 

GND 
DATA OUT 
CRST 


The CA3277 is a Dual 5V Voltage Regulator IC intended for micro- 
processor and logic controller applications. It is supplied with fea- 
tures that are commonly specified for sequentially controlled 
shutdown and startup requirements of microcontrollers. Over-volt- 
age shutdown, short circuit current limiting and thermal shutdown 
features are provided for protection in the harsh environmental appli- 
cations of industrial and automotive systems. The CA3277 functions 
are complementary to the needs of microcontroller and memory cir- 
cuits, providing for sustained memory with a 5V standby output. 


The Ignition Comparator senses the voltage level at the IGN IN input 
and provides a 5V logic switched output (supply sourced from 
OUT1). The Ignition Output, IGN OUT can be used to signal a sys- 
tem microcontroller which can respond with a logic switched output 
to the CA3277 ENABLE input control for OUT2. The OUT1 +5V 
Standby Supply of the regulator is normally used as a power supply 
for microcontroller/memory circuits to preserve stored data when in 
the standby mode. To allow for maximum heat transfer from the chip, 
the four center leads are directly connected to the die mounting pad. 


Refer to AN9302 for further information on CA3277 circuit Applica- 
tions. 


Ordering Information 


PART NUMBER| TEMPERATURE RANGE | = PACKAGE si 
CA3277E -40°C to +85°C 16 Lead Plastic DIP 


Functional Block Diagram 


OUTI 

+5V 
OUT1 REG. (STANDBY) 
DR. CNTRL 


re 


ENABLE 44 
(OUTPUT2) © 


IGN 
OUT IN 


Veatt -2.9V 


Copyright © Harris Corporation 1994 
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Specifications CA3277 


Absolute Maximum Ratings 


Max. BATT, IGN IN Input Voltage (Note1)............... +26V 
Max. Operating Voltage; BATT, IGNIN ........ Veattsp) (~20.5V) 
Max. Positive Voltages: (For Negative Voltages, Note 2) 


Thermal Information 


Thermal Resistance Oya By. 
Plastic DIP Package ................ 60°C/W «12°C /W 
(Temp. meas. on center lead next to case) 


ENABLE (NK. 6 ccs caecsassvevareasavascaecieawwens Vaart _ Power Dissipation, Pp (Note 4): 

DATA IN INOUE 3. ose coseeiec ececeveassrnreneneseecas VeattT Up 10 460°C (FOO All). cs cess ccenwsmacceacciwavasenas 1.5W 

CUA OUT, CIs von che oe teoseesseseiseeanewessae Veatt Above 460°C: os ccscscsivswens Derate Linearly at 16.6mW/°C 

Ee OG, pg cadncccas dgabasniodess ieseeeeunns Veatt Up to +85°C wheat sink (PC Board): ............2005. 1.6 W 
Max. Operating Load Current, OUT1...............0085 100mA Operating Temperature Range................. -40°C to +85°C 
Max. Operating Load Current, OUT2................04. 100mA Storage Temperature Range.................. -55°C to +150°C 
Max. Current Mult. Load Currents: Max. Junction Temperature... .. 0... 2... cee eee eee +150°C 

Min. Load Resistance, CUR OUT .. 225Q to BATT (75mA max) Lead Temperature (During Solder) .................... +265°C 


Min. Load Resistance, CUR IN ...... 1KQ to GND (-5mA max) 1/16 + 1/32” from case, 10s max 
Max. Load Current OUT1, OUT2 (Short Duration) ... Self-Limiting 


Max. Plus/Minus Load Currents: (Note 3) 


IGN OUT OUR sown ceves caesar nee kaenows Hos Self-Limiting 
DATA OUT CUMS. c<nnccccinurecinwn a ead weed Self-Limiting 
RESE! CU cc cccczccntnsseveds casaacenns Self-Limiting 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = -40°C to +85°C, Vgart = 13.5V, ENABLE ON (Vey = 3.5V), IGN IN connected to BATT, OUT1 and 
OUT2 bypassed with 20F to GND, DATA IN connected through 2509 to BATT, LOADS: OUT1 = 50mA, 
OUT2 = 80mA; Unless Otherwise Specified (Refer to Figure 4 Test Circuit) 


—PaRaWeTERs | svweoL_] _cONDmONS | WIN | TYP | AK UNITS 
[Ouputvotage «dom [Vemr=oVotv —SSCS~*~‘~—z A | CB 
[ropoutVatage (Note5) | Voor [Vear=475V_—S~S~— a Pw TC 
ine Fe 
— 


Ramp Veparr Down Until OUT1 drops (PNP Driv- 
er Cutoff) 


Veart = 9V to 16V 
VeatT = 5.6V . 
Veart = 6.2V to 16V 


Load Reg 
Current Limiting 
Low Voltage Shutdown 


REGULATOR OUTPUT2 
Output Voltage 

Dropout Voltage (Note 5) 
Line Reg 


Voute2 


lLoap = 0.5mA to 80mA 


Ven = 5V 


Ramp ENABLE Input Up Until OUT2 is 
Switched ON 


CURRENT MULTIPLIER 


Current Mult. Gain, (Icoyt/loin) loin = -200LA Gain 
Ratio 


Load Reg 
Current Limiting 
ENABLE Input Current 


ENABLE Input Sw. Thd. VEN(THD) 


als 

Ny 

Ola 
be | —s 
N 


Current Mult. Output Sat. 
Current Mult., Max. Drive Cur. 
RESET 


Reset, (RST) Threshold 
Reset Delay Time (Note 6) tast 


RESET Out High VoH(RST) 
RESET Low 
RESET Output Sink Current 


loin = -200pA, CUR OUT Load = 1KQ to VeaTT 
loin = -700HA 


Ramp Vgarr Down, Measure Vaart when 

RESET (Vast) goes low 

CRST Cap. = 0.47pF, Veatt = 6.8V 

RESET Load = 5KQ to OUT1 

47KQ to OUT1 


Veart = 3.75V, RST 47KQ to OUT1 ss 
CRST to GND, Vgarr = 6.8V P| 


VcouT(SsaT) 


Ph 
on 


IcouT(MAX) 


V 


VoL(RsT) 


al<| a] < a|-ee 


lot 
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Specifications CA3277 


Electrical Specifications T, = -40°C to +85°C, Vaary = 13.5V, ENABLE ON (Ven = 3.5V), IGN IN connected to BATT, OUT1 and 
OUT2 bypassed with 20uF to GND, DATA IN connected through 250Q to BATT, LOADS: OUT1 = 50mA, 
OUT2 = 80mA; Unless Otherwise Specified (Refer to Figure 4 Test Circuit) (Continued) 


[PARAMETERS | SvMBOL_| CONDITIONS ____| WIN] TYP | wax | UNITS. 


DATA COMPARATOR 


Data Comp Thd Veatt | Veatt | Veatt ¥ 
“36 | 29 | -22 

Data Comp Hysteresis De —- 

DATA OUT Low Vaurr = 16, Vora n= (ear 6V) 


a V 
DATA OUT High Vaart = 16V, Vpatain = 16V Veer | 5.25 
15 
z= 


‘ 
j=) 


DATA OUT Low Sink Current VpaTa in LOW 


DATA OUT High Source Current Voata in High 
IGNITION COMPARATOR 


Ign Comp Thd 


Ign Comp Hysteresis 


IGN OUT Low Sink Current Vion in Low 


IGN OUT High Source Current Slon Vien in High -70 


OTHER PARAMETERS 
Idle Current Fg Veart = 12.6V, No Loads, Ven = Vign in = OV 


> 
[o>] 


Over-Voltage Shutdown Veattovsp) | Ramp Vgarr Up Until OUT1 and OUT2 Shut- ie) 
down 

Ripple Rejection 1Vpp at 3kKHz on BATT INPUT, Measure AC 45 
Ripple on OUT1, OUT2 


NOTES: 
1. For negative voltages on the BATT and IGN IN inputs, current drain is primarily reverse junction leakage, except when DATA IN, CUR 
OUT, ENABLE and RESET are directly connected to BATT. (Note 2) 


2. For negative voltage DATA IN, CUR OUT, ENABLE and RESET interface to NPN or equivalent on-chip structures; providing a forward 
junction for current conduction into the IC. Negative current must be limited by the impedance of the external connection. This is also the 
case where these terminals are interconnected to BATT, Normal application does not require the BATT connection, except for DATA IN 
where a series diode for reverse current blocking may be used. (see Description text information) 


3. Refer to the Electrical Characteristic TABLE for all Self-Limiting values. 


4. Dissipation, approximately equals: Pp = [(Vinlin) + (Vcur out!cur out) - S(lout:tloute2)], where linVin is IGN IN and BATT input dissi- 
pation and Voyt1~VouT2~5V. This assumes neglibible dissipation for the Ignition Comp., Reset and Data Comp. Outputs. 


5. Dropout Voltage is Vpo; = (Vaart - Vours) for REG. OUT1 and Vpop = (Vgart - Vout2) for REG. OUT2 


6. Reset Delay Time, tpsz is the time period that the RESET (Pin 8) is low following the discharge of the CRST capacitor to ground. For test 
evaluation, the CRST pin may be discharged repetitively with a transistor switch. The RESET pin switches from low to high when the 
CRST pin is charged to approximately 3V. Normal ATE testing measures the source charging current. which is typically 10A. For any 
other value of Capacitor the charge time, t for reset is determined as follows: t ~308C, where C is in pF and tis in milliseconds. 

(i.e. C = 0.47pF, t= 141ms) 
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L1 
150uH BATT: 
> 
UNREG 
SUPPLYIN 3802 


OUT2 
ENABLE 


CUR OUT! 
‘CURRENT 
. AMP 


seeeeeeeeqZeexwreaeqee=v=u 


CUR | DATA EN 
IN | OUT] OUT | (OUT2) 


R4 


TDO 


DISPLAY OR 
CONTROL 
OUTPUT 


seeee= 


RDi SENSE CONTROL 
IN OUT 


5V MICROCONTROLLER 


. OUT2 +5V ENABLE 
[> SWITCHED 
cs cé6 OUTPUT 
0.1pF | | 22uF 
= +5V 
ouTt —) STANDBY 
OUTPUT 


C7 ce 
0.1pF | | 100yF 


BUS 


NOTE: DATA IN and CUR OUT are remote/host Serial Data Communication Buffers. Typical Remote Source 
impedance for DATA IN is 1kQ. Typical Remote Load for CUR OUT is 2502. 


FIGURE 1. TYPICAL APPLICATION CIRCUIT OF THE CA3277 DUAL 5V REGULATOR WITH MICROCONTROLLER AND SERIAL 


DATA BUFFER INTERFACE TO A REMOTE HOST 


Applications 


Other functions of the CA3277 include a Data Comparator 
and Current Multiplier for use as interface buffers to transfer 
serial data at higher level logic to and from a remote host 
microcontroller. The OUT1 5V Standby Supply provides 
power to the local microcontroller which interfaces to the 
CA3277 interface buffers at a 5V logic level. As shown in 
Figure 1, the DATA IN input of the Data Comparator receives 
serial data referenced to the BATT voltage level. The output 
of the Data Comparator is 5V CMOS compatible logic and is 
connected to the RDI (remote data input) terminal of the 
microcontroller. The TDO (data out) output of the microcon- 
troller is connected to the Current Multiplier input of the 
CA3277. 


Current Multiplier - The Current Multiplier, with internal cir- 
cuitry shown in Figure 2, receives data from the 
microcontroller in the form of an open drain or gate switched 
output driving a 22KQ resistor load in series to the Current 
Input at pin 10 (CUR IN). The input stage of the Current Mul- 
tiplier is a current mirror amplifier which is_ internally 
connected to the 5V regulated OUT1 voltage source. The 
Output stage of the Current Multiplier is a current mirror 
amplifier referenced to GND and has an open collector 
Current Output at pin 9 (CUR OUT), with a minimum drive 
capability of 35mA. The Current Multiplier output load is 


normally connected via resistive loading to the BATT voltage 
supply level. As such, the microcontroller transmits data out 
(TDO output) to the input of the CA3277 Current Multiplier 
which amplifies and translates the signal back to the voltage 
reference level of the BATT power supply input. When 
driving a similar remote CA3277, the voltage drop from the 
BATT input line switches the Data Comparator which 
provides serial data to the RDI input of the remote microcon- 
troller. The nominal current gain of the Current Multiplier is 
100X. 


The application use of the Current Multiplier is not limited to 
digital serial data transfer. The Current Multiplier is an 
independent function and is open to use for other purposes, 
including linear signal amplification, sensor output amplifica- 
tion and current controlled threshold switching. The current 
output terminal, CUR OUT may be externally load- 
connected to OUT1, OUT2, BATT or any other power supply 
level up to the maximum ratings given for the BATT input 
terminal. It is important to note that some applied uses of the 
Current Multiplier may contribute significant on-chip power 
dissipation. A nominal current mirror input drive of 200A will 
provide sufficient drive to switch a 250Q resistor load at the 
input of the data comparator. As such, the quiescent OFF 
condition of the Data comparator should be in the High state. 
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CA3277 


wwe en we we ww eo wm we 


CA3277 


INTERNALLY 
CONNECTED 
TO OUT1 (+5V) 


CA3277 
REMOTE 
SYSTEM 


FIGURE 2. CURRENT MULTIPLIER DRIVING A REMOTE 
CA3277 DATA COMPARATOR 


Data Comparator - The Data Comparator provides a means 
of translating serial data from a high to low voltage. The 
DATA IN terminal of the Data Comparator is biased to 
receive signal input that is source referenced to the BATT 
supply voltage level. In normal use the signal input would be 
supplied from a remote Current Multiplier having a resistor 
load tied to the BATT voltage supply. The DATA OUT output 
from the Data Comparator is CMOS compatible 5V non- 
inverting logic data referenced to GND. The switching 
threshold at the DATA IN input is bias stabilized by the band- 
gap voltage and is typically at (Vparr - 2.9V). The Data 
Comparator is in a high state when DATA IN input is at the 
BATT voltage level and is in a low state when DATA IN is at 
(Veatt - 5V). The output stage of the Data Comparator is 
internally supply biased from the Switched 5V Regulator 
output to provide a high state of 5V and a low state of OV 
(GND). The DATA OUT terminal can typically sink 1.2mA ina 
low state or source 50/A in a high state. 


In system applications the Data Comparator is used to 
translate remote data at high voltage down to 5V logic levels. 
The Current Multiplier is used to reverse the process by 
translating 5V logic data back to the BATT voltage level 
when sending data back to the remote system. The Data 
Comparator and Current Multiplier are level matched for 
remote communication between microcontroller systems 
using the common BATT power supply voltage of the 
CA3277. The current driven serial data from the Current 
Multiplier is sent to a remote system by translating the signal 
up to the BATT voltage level, or an external power supply 
level that is compatible with the remote device. The Data 
Comparator of the remote system receives the data, 
interfaces to its microcontroller and responds with signal 
drive from its Current Multiplier to translate the signal back to 
the host. For best noise immunity the transmission in each 
direction should be over a twisted pair or shielded line. As 
such, two microcontrollers, each with the interface protection 
of a CA3277, can provide intelligent master/slave system 
communications under adverse environmental conditions. 


ignition Comparator - While the Ignition Comparator is pro- 
vided as an essential part of the start-up control in automo- 
tive systems, this circuit function may be used as an 
independent switching comparator. It is important to note 
that the thermal shutdown feature on the chip is dis- 
abled when the IGN IN input is low. Disabling of the on- 
chip thermal protection is done to satisfy the requirement of 
low idle current when the system is in a standby condition. 
The non-inverting IGN IN input has a switching threshold of 
typically 6V with 200mV of hysteresis and is switched with 
logic levels reference to GND as the low state and BATT as 
the high state. The IGN OUT output is 5V CMOS compatible 
logic, equivalent to the Data Comparator output stage, but is 
internally supply biased from the Standby 5V Regulator. As 
such, the high state is level referenced to OUT1. The IGN 
OUT output terminal can typically sink 1.2mA in a low state 
or source 7OiA in a high state. 


Enable - A CMOS or TTL high at the ENABLE input 
switches the regulated 5V/Switched Output ON at OUT2. 
The ENABLE input has an internal pull-down of typically 
50yA to ensure that OUT2 is OFF when the ENABLE input 
is not connected. The input threshold level for switching is 
the bandgap voltage reference of 1.2V. When the ENABLE 
input is low, all drive current to the output pass transistor is 
cutoff and OUT2 voltage drops to ground level. The ENABLE 
input is normally switched from the interfacing microcontrol- 
ler but may be activated from a remote source. 


Reset - The purpose of the Low Voltage Reset function is to 
flag a low voltage condition at OUT1. When the RESET out- 
put, pin 8 switches low, the voltage level at OUT1 has 
dropped below the regulation level. The CRST and RESET 
are high when OUT1 is at 5V. When OUT1 drops to less than 
4.2V (typical), the CRST Capacitor at pin 7 is internally 
discharged, causing the RESET pin to change from a high to 
a low state, outputting a negative going pulse. The RESET 
Output is an NPN open collector driver requiring an external 
load resistor, normally connected to OUT1. The RESET 
output flag may be sent to a microcontroller to initiate a 
power-down sequence. For any condition that causes OUT1 
to drop below the reset threshold, such as undesired 
transients, the RESET output is switched low for a delay 
period, tasrt determined by the value of the external 
capacitor, Casy at CRST terminal. For a value of 0.47uF the 
delay period is typically 141ms. This correlates to approxi- 
mately 102A of charging current sourced from the CRST 
terminal to charge Cast. 


Regulation - The regulated output stages of the CA3277 
have similar circuits, each having an error amplifier to 
compare the output voltage to the bandgap reference 
voltage. The circuit of the 5V/Switched regulator is shown in 
Figure 3. By feedback, the output voltage is differentially 
compared to the bandgap reference voltage. The error signal 
is then amplified to drive a PNP pass transistor and maintain 
a stable 5V output with both line and load regulation over the 
full operating temperature range. Except for the ENABLE 
control of OUT2, the OUT1 drive circuit is similar to the 
OUT2 circuit. 
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CA3277 


Protection - Both OUT1 and OUT2 PNP output pass tran- 
sistors are protected with Over-Voltage Shutdown and Over- 
Temperature Shutdown. Current Limiting for each output is 
independent and is accomplished by limited drive current 
from the pre-drivers (Q135 for OUT2) to the PNP output 
pass transistor (Q136). Over-Voltage is sensed as a thresh- 
old voltage level at the BATT input. Both output stages are 
shutdown when the Vearr voltage level is typically greater 
than 20.5V. When the Ignition voltage is high, the Over-Tem- 
perature level is sensed as Vee changes and compared to 
the bandgap reference voltage. When the chip temperature 
exceeds 150°C, both output stages are shutdown. When 
Over-Voltage or Over-Temperature thresholds are exceeded, 
the sensed states are ORd to switch OFF drive to the output 
stages. The ENABLE control for OUT2 is added to the OR 
control of the OUT2 drive circuit. The Low Voltage Shutdown 
control is added to the OR control of the OUT1 drive circuit. 
Low Voltage Shutdown occurs at approximately 3.5V as the 
BATT supply input is ramped down, forcing cutoff of the PNP 
output pass transistor. The external capacitor on OUT1 
holds charge, with a long RC time constant delay to sustain 
shutdown control in the microcontroller. The internal shunt 
resistance at the OUT1 terminal is typically 148KQ. 


Under conditions of reverse battery or negative supply 
voltages on the BATT input, current in the IC is primarily 
reverse junction leakage. The design of the CA3277 is 
configured to prevent high current if the power supply is 
reversed. Exceptions to this are preventable. One example is 
current through the DATA IN input line terminating resistor, 


OVER-VOLTAGE 
SHUTDOWN 


OVER-TEMPERATURE 
SHUTDOWN 


FIGURE 3. OUTPUT2 DRIVER AND ERROR AMPLIFIER WITH THE ENABLE CONTROL 


normally connected directly to the BATT supply line. This 
provides a path for current conduction into the IC through an 
internal diode junction. The current is limited by the external 
resistor and may be as high as 100mA at -26V. Where 
negative supply voltages are potentially a problem, the 
resistive load from DATA IN to BATT can be in series with a 
reverse voltage blocking diode, such as a 1N914. This input 
diode-resistor circuit is shown in Figure 2 as the remote 
interface and load to the Current Multiplier output. 


Dissipation - The CA3277 device dissipation is the com- 
bined watts of input voltage times current less the external 
watts of power supplied by the chip. For normal use, the 
major contribution to on-chip dissipation is primarily the 
BATT input dissipation. The Current Multiplier output has a 
potential to add significant dissipation. The open collector 
driver of the Current Multiplier Output, pin 9 may or may not 
be in saturation when sinking current. Because it is a current 
mirror output with a constant current drive, the voltage may 
be increased on pin 9, with a significant increase in the 
resulting dissipation. The chip dissipation is approximately 
equal to: 


Pp = [(Vinlin) + (Vcoutlcout) - S(louti+louta)] 


where linVin is IGN IN and BATT input dissipation, assuming 
Veatt = Vicn inp 89d Vout1 ~ Voute ~ 5V. This assumes 
negligible dissipation for the Ignition Comparator, Data 
Comparator and Reset outputs. 


OUT2 PASS 
TRANSISTOR 
~ 


CURRENT 
LIMITED DRIVE 
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VBaTT VouT1 
20,F RL1 
2502 lcout| ¢ Vicnn (LOAD) 
° lacie VouT1 
1KQ Pe ia 
2500 >» Voout | 9 
oo CUR OUT CAS277 
Voutz2 
VpaTAIn | 3 GND PINS 4,5,12,13 - 
11 
Von IGN 20nF | RL2 
C OUT (LOAD) 
loin = = Vo 
! . . lout2 = — 
= VIGN OUT VDATA OUT L2 
FIGURE 4. CHARACTERISTIC EVALUATION AND TEST CIRCUIT 
16 
> Ta = +25°C, NO LOAD 
ba =z 14 1) IGN IN TO BATT, ENABLE HIGH, 
Ee E DATA IN THROUGH 2500 TO BATT 
x) — 2) IGN IN AND ENABLE TO GND 
2 iu 
< = 10 
E Ta = +25°C 3 
2 Ri, = 100, Ryp = 620 5 8 
Wy ENABLE HIGH, IGN IN TO BATT Zz ¢ 
Ss 1) Yours V8 Veatt 4 
g 2) Vout2 V8 VeattT i 
= & 
= 2 
= 
p= | 
} 0 
25 5 10 15 20 22.5 
INPUT VOLTAGE (V) INPUT VOLTAGE (V) 
coe oe 
LOW VOLTAGE NORMAL OVER-VOLTAGE 
DROPOUT OPERATING RANGE SHUTDOWN 
FIGURE 4A. TYPICAL CHARACTERISTIC CURVES FOR OUT1 FIGURE 4B. TYPICAL CHARACTERISTICS CURVES FOR NO- 
AND OUT2 OUTPUT VOLTAGE vs BATT VOLTAGE LOAD BATT INPUT CURRENT vs BATT INPUT 
INPUT VOLTAGE FOR OFF STATE IDLE CURRENTS 


Ta = +25°C, Riy = 100, Ryo = 622 


Ta = +25°C, Vaart = 13.5V 


= 1) BATT TO 16V, ENABLE TO OUT1 < 
< , CUR OUT THROUGH 2502 TO BATT 
5 
W 0.4 p< 
5 = 
2 as . 
5 or i 
o. =a 
= ar 

= 0.2 0 TEST NOTE: 
z =) MEASUREMENTS MADE 
= 4 AS VOLTAGE ON 502 LOAD 
6 9.1 = FROM CUR OUT TO 5V 

16) 
) 
0 5 10 15 20 0 0.1 0.2 0.3 0.4 
IGN IN INPUT VOLTAGE (V) CUR IN (PIN 10) - INPUT (SOURCED) CURRENT (mA) 


FIGURE 4C. TYPICAL IGN IN CURRENT vs IGN IN INPUT VOLTAGE FIGURE 4D. TYPICAL CURRENT MULTIPLIER CURRENT GAIN 
CHARACTERISTIC 
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COMMON (GROUND) CURRENT 
PINS 4, 5, 12 & 13 (mA) 


CA3277 


Ta = +25°C, ENABLE HIGH; IGN IN TO BATT 
DATA IN THROUGH 2502 TO BATT 
1) OUT1 = OUT2 = 500 
2) OUT1 = 1002, OUT2 = 620 
3} OUT2 = 620, OUT1 OPEN 
4) OUT1 = 1002, OUT2 OPEN 
1 


10 
INPUT VOLTAGE (V) 


FIGURE 4E. TYPICAL CHARACTERISTIC CURVES FOR COMMON 


(GROUND) CURRENT vs BATT VOLTAGE INPUT 
WITH OUTPUT LOAD 
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TRANSFER EFFICIENCIES (mA) 


Ta = +25°C, ENABLE HIGH 
IGN IN TO BATT, Vaart = 13.5V 
DATA IN THROUGH 2502 TO BATT 

1) lout; VARIED, OUT2 - NO LOAD 


2) lout2 VARIED, OUT1 - NO LOAD - 


ABS 
TST 
TT 


0.90 
0 100 150 
OUTPUT CURRENT (mA) 


1.00 


0.94 
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FIGURE 4F. TYPICAL CHARACTERISTIC CURVES FOR CURRENT 


TRANSFER EFFICIENCY OF louri/hy AND louto/ty 
WHERE ky INCLUDES (hon in + foata ny) BIAS CURRENTS 


oe arse HIP5060 


Power Control IC 


April 1994 Single Chip Power Supply 


Features 
Single Chip Current Mode Control IC 
60V, 10A On-Chip DMOS Transistor 
Thermal Protection 
Over-Voltage Protection 
Over-Current Protection 
1MHz Operation or External Clock 
Synchronization Output 
On-Chip Reference Voltage - 5.1V 
Output Rise and Fall Times ~ 3ns 
Designed for 27V to 45V Operation 


Applications 

e¢ Single Chip Power Supplies 

e Current Mode PWM Applications 
¢ Distributed Power Supplies 

e Multiple Output Converters 


Chip 


FLTH (37) 
VREG (36) 
VCMP (35) 
PSOK (34) 
SHRT (33) 
PSEN (32) 
TMON (31) 


Description 


The HIP5060 is a complete power control IC, incorporating both the high 
power DMOS transistor, CMOS logic and low level analog circuitry on the 
same Intelligent Power IC. Both the standard “Boost” and the “SEPIC” 
(Single-Ended Primary Inductance Converter) power supply topologies 
are easily implemented with this single control IC. 


Special power transistor current sensing circuitry is incorporated that 
minimizes losses due to the monitoring circuitry. Moreover, over-temper- 
ature and over-voltage detection circuitry is incorporated within the IC to 
monitor the chip temperature and the actual power supply output volt- 
age. These circuits can disable the drive to the power transistor to pro- 
tect both the transistor and, most importantly, the load from over-voltage. 


As a result of the power DMOS transistor’s current and voltage capability 
(10A and 60V), power supplies with output power capability up to 100 
watts are possible. 


Ordering Information 


PART NUMBER TEMPERATURE RANGE | PACKAGE 
HIP5060DY 0°C to +85°C 37 Pad Chip 


AIPS060W = 


(8) Vppa 


Bt (9) V+ 
(10) SLCT 
(11) CKIO 
(12) DGD1 
(13) Vppp 
(14) Vppp 


a 
Bs 
co 
On 
i 
<= 
ef 
ws 
Lo 
a. 


NOTE: Unused pads are for trim and test. 
153 mils x 165 mils (3.88mm x 4.19mm) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3207 1 
Copyright © Harris Corporation 1994 7-47 
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Simplified Block Diagram 


4uH 
O00( be a 


Vw & 
0.1 


0.1pF 


CLOCK 


YOUU 


AND 
GATE 
cP daic |] DRIVERS 
S 
a 


0.1,F 


VINP 0.1 ,.F 
CKIO SLCT Vppa Vppp IRF1 IRFO SFST 
0.1pF 0.1 pF 
\/ \/ 


TYPICAL SEPIC CONFIGURATION 
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Specifications HIP5060 


Absolute Maximum Ratings Thermal Information 

DG SUDOIY VONAQG, V4.5 .icacasonian seseseucans -0.3V to45V Thermal Resistance Bic 
DIMOS Dial VONARS c6%sck4 seeectedeveneeieees -0.3V to 60V (Solder Mounted 00... ccc scececciseassnccess 3°C/W Max 
DMOS Drain Current ........... cc eee ee ee cee eee eeee 20A 0.050” Thick Copper Heat Sink) 

OG LOG SUG nnn cee tds ote cee convene newn -0.3V to 16V Maximum Junction Temperature. ............. 0c cee eee +110°C 
Output Voltage, Logic Outputs................... -0.3V to 16V (Controlled By Thermal Shutdown Circuit) 

Input Voltage, Analog and Logic.................. -0.3V to 16V 

Operating Junction Temperature Range........... 0°C to +110°C 

Storage Temperature Range ................. -55°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 36V, T, = 0°C to +110°C; Unless Otherwise Specified 


DEVICE PARAMETERS 


Supply Current PSEN = 12V =e 
Visins Internal Regulator Output V+ = 15V to 45V, loyy = 10MA ial 


= 


Ryine VINP Resistance VINP =0 
ERROR AMPLIFIERS 


IViol Input Offset Voltage lyomp = OMA 
(VREG - VINP) 


Rin VREG Input Resistance to GND VREG = 5.1V 


Om (VREG) VREG Transconductance VCMP = 1V to 8V, SFST = 11V 
lvomp/(VREG - VINP) 


< 
g 
& 
re») 


Gm (SFST) SFST Transconductance Vsest < 4.9V 
\voup/(VREG - SFST) 
lias Maximum Source Current VREG = 4.95V, VCMP = 8V Ls, 0.75 
las Maximum Sink Current VREG = 5.25V, VCMP = 0.4V | 075 | - | 25 | ma 


H Over-Voltage Threshold Voltage at VREG for FLTN to be LaLa se 
latched 


Internal Clock Frequency SLCT = OV, Vopp = 12V 


Vry CKIN External Clock Input Threshold | SLCT = 12V %V ppp 
Voltages 


DMOS TRANSISTORS 


'Ds(on) Drain-Source On-State | Drain = 5A, Ty = +25°C 
Resistance 


Drain-Source Leakage Current Drain to Source Voltage = 60V 


CURRENT CONTROLLED PWM 
Viol VCMP Buffer Offset Voltage (VCMP - IRFO = OmA to -5mA, 
VirFo) VCMP = 0.2V to 7.6V 
Vry IRFO Voltage at IRFO that disables 
PWM. This is due to low load 
current 
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Specifications HIP5060 


Electrical Specifications V+ = 36V, T, = 0°C to +110°C; Unless Otherwise Specified (Continued) 


SYMBOL PARAMETER TEST CONDITIONS | MIN. | Typ | MAX | UNITS — 


CURRENT CONTROLLED PWM (Continued) 


Ity IRFO Voltage at IRFO to enable SHRT 7.4 V 
output current. This is due to 
Regulator Over Current Condi- 
tion 


SHRT Output Current, During VirnFo = 8.1V -37 -17 pA 
Over-Current 

Vy SHRT Threshold voltage on SHRT to 
set FLTN latch 


V 
lpeak (ODMOSprain/linri Al (DMOSppain)/At = 1A/ms 


MCPW 
(Note 1) 


MCPI Minimum Controllable DMOS 
(Note 1) Peak Current 
START-UP 


V+ Rising V+ Power-On Reset 27 V 
Voltage 

V+ Falling V+ Power-Off Set V 
Voltage 


Vry PSEN Voltage at PSEN to Enable V 
Supply 
5.1V 


PSOK High-State Leakage SFST = OV, PSOK = 12V pA 
Current 


THERMAL MONITOR 


TEMP Substrate Temperature for TMON pin open 105 135 °C 
(Note 1) Thermal Monitor to Trip 


NOTE: 
1. Determined by design, not a measured parameter. 
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Pin Descriptions 


PAD NUMBER DESIGNATION DESCRIPTION 
es oe 
| 2 VINP Internal 5.1V reference. 


SFST Controls the rate of rise of the output voltage. Time is determined by an internal 0.7A current 
source and an external capacitor. 


IRFO 


Aresistor placed between this pad and IRF! converts the VCMP signal to a current for the current 
sense comparator. The maximum current is set by the value of the resistor, according to the 


equation: Ipeax = 32/R. Where R is the value of the external resistor in KQ and must be greater 
than 1.5KQ but less than 10KQ. For example, if the resistor chosen is 1.8K, the peak current will 
be 17.8A. This assumes VCMP is 7.3V. Maximum output current should be kept below 20A. 


This is the main supply voltage input pad to the regulator IC. Because of the high peak currents 
this pad must be well bypassed with at least a 0.7,F capacitor and may be composed of seven, 
single 0.1pF chip capacitors. 


SLCT This pad provides for the option of using either internal 1MHz operation of for an external clock. 


Floating or grounding this pad will place the internal clock at the CKIO pad. Returning this termi- 
nal to Vppp or 12V will allow application of an external clock to the IC via the CKIO pad. There 
is an internal 50K pull down 


CKIO Clock output when SLCT is floated or grounded. External clock input when SLCT is returned to 
12V. 


This pad is the return for the digital supply. 


Vopp These pads are used to decouple the high current pulses to the output driver transistors. The 
capacitor should be at least a 0.1pF chip capacitor placed close to this pad and the DMOS 
source pads. 


15, 16, 19, 20, Source pads of the DMOS power transistor. 
23, 24, 27, 28 

17, 18, 21, 22, Drain pads of the DMOS power transistor. 
25, 26, 29, 30 


TMON This is the thermal shut down pad than can be used to disable the thermal shutdown circuit. By 
returning this pad to 12V the function is disabled. Returning this pad to ground will put the IC into 
the thermal shutdown state. Normally, this pad is left floating. Thermal shutdown occurs at a 
nominal junction temperature of +125°C. 


This terminal is provided to activate the converter. This terminal may be left open or returned to 
5V for normal operation. When the input is low, the DMOS driver is disabled. 


SHRT 25pA is internally applied to this node when there is an over-current condition. 
This pad provides a delayed positive indication when the supply is enabled. 


VCMP Output of the transconductance amplifier. This node is used for both gain and frequency com- 
pensation of the loop. 

VREG Input to the transconductance error amplifier is available on this pad. The other input is internally 
connected to the 5.1V reference, VINP, Pad 2. 


FLTN This is an open drain output that remains low when V+ is too low for proper operation. This node 
and PSEN are useful in multiple converter configurations. This pad will be latched low when over- 


< S 
4 


3 
aoe 
Og 
i 
mA) 
2 
a 
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a. 


w 


temperature, over-voltage or over-current is experienced. 
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Functional Block Diagram 
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A 
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6 


V+ REGULATOR Vv CIRCUITS 
DDA 
BAND GAP | ee. | 


VREF = REFERENCE 
OR 5.1V | REGULATOR 50K 
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VV 
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VIN 
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BWAVRBWABRBWAWABAAE 
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Eric HIP5061 


7A, High Efficiency Current 
April 1994 Mode Controlled PWM Regulator 


Features Description 


e¢ Single Chip Current Mode Control IC The HIP5061 is a complete power control IC, incorporating 
; both the high power DMOS transistor, CMOS logic and low 

* 60V, On-Chip DMOS Power Transistor level analog circuitry on the same Intelligent Power IC. The 
e Thermal Protection standard “Boost”, “Buck-Boost’, “Cuk”, “Forward”, “Flyback” 
and the “SEPIC” (Single-Ended Primary Inductance Con- 

Over-Current Protection verter) power supply topologies may be implemented with 


250kHz Operation this single control IC. 

Output Rise and Fall Times - 10ns Over-temperature and rapid short-circuit recovery circuitry is 
incorporated within the IC. These protection circuits disable 

On-Chip Reference Voltage - 5.1V the drive to the power transistor to protect the transistor and 

insure rapid restarting of the supply after the short circuit is 


Slope Compensation 
removed. 


Vpp Clamp Allows 10.8V to 60V Supply 
As a result of the power DMOS transistors current (7A at 30% 


Supply Current Does Not Increase When Power duty cycle, 5A DC) and 60V capability, supplies with output 
Device is On power over 50W are possible. 


ie acacia Ordering Information 


e Distributed / Board Mounted Power Supplies 
PART TEMPERATURE 


e Voltage inverters 
HIP5061DS | 0°C to+85°C | 7 Lead Staggered “Gullwing” SIP 


e Small Uninterruptable Power Supplies 
e Cascode Switching for Off Line SMPS 


ta 
ee 

ES 

Pinout Simplified Functional Diagram sa 
3 

ie 
Qo. 


HIP5061 (SIP) 
TOP VIEW 


TJ PIN 7 Vpp 
PIN 6 Vg 


J PIN 1 GND 


\ DO NOT HIP5061 
USE 7 Vpp CLAMP 


SOURCE 


is CONTROL SAVER 
CLOCK one 
OVER A FB 
OVER v = 
GN 


2.5V 
UNDER SLOPE 5.1V 
VOLTAGE COMPENSATION REFERENCE 
D 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 3390.2 
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Specifications HIP5061 


Absolute Maximum Ratings (Note 1) Thermal Information 

DC Supply Voltage, Vop.....--. ee eee eee ee ee eens -0.3V to 16V Thermal Resistance Bic 
DC Supply Currant, lng «<cncecccactsctrenssacousesas 105mA Plastic SIP PaCKAGG «.scccsccsheusendasvenns 2°C/W 
DMOS Ora VONAGS 6 isc ecaverawvvaxtecadecsos -0.3V to60V Maximum Package Power Dissipation at +85°C 

Average DMOS Drain Current ............ 0. cece eee eens 5A (Depends Upon Mounting, Heat Sink and Application)..... 10W 
DMOS Source Voltage, Vsource, TAB...........-- -0.1Vto0.1V Max. Junction Temperature. ........ 02. cece eee ee eee +105°C 
DG Supply Voltage, Vgiewss css csacvasscusns -0.3V to Vpp + 0.3V (Controlled By Thermal Shutdown Circuit) 

Compensation Pin Current, lyg ....... 0. seen eee -5mA to 35mA _— Lead Temperature (Soldering 10s) ................0005 +265°C 
Voltage at All Other Pins. ...............005 -0.3V to Vpp + 0.3V 

Operating Junction Temperature Range........... 0°C to +105°C 

Storage Temperature Range ................. -55°C to +150°C 

ESD Classification 5. csccvececesevessiauwaa sae Class 2 - 2KV 


Single Pulse Avalanche Energy Rating, ps (Note 2) ... EAS 100mJ 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications —Vop = Vg =12V, Vc = 5V, Veg = 5.1V, SOURCE = GND = DRAIN = OV, Ty = 0°C to +105°C, 


Unless Otherwise Specified 
SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 


DEVICE PARAMETERS 


-|-[sfsla] = 


Quiescent Supply Current Vop = Vg = 13.2V, Ve = OV, 
Veg = 4V 
| Ip Operating Supply Current Vpp = Vg = 13.2V, Vo =8.5V, Veg = 4V 24 3 


IVg Quiescent Current to Gate Driver | Vpp = Vg = 13.2V, Vo = OV 


IVe Operating Current to Gate Driver 
Clamp Voltage Ipp = 100mA 


Reference Voltage lyvc = OWA, Vo = Veg 


Om (Vee) | Veg Transconductance Nyc / = 500pA, Note 3 
Wo/(Vep - Vrer) 


Vooce 


VREF 
AMPLIFIERS 


Maximum Source Current Vep = 4.6V 4 
Maximum Sink Current Vep = 5.6V 
Voltage Gain Nyc / = 500pA, Note 3 


Short Circuit Recovery Compara- 
tor Rising Threshold Voltage 


: 


IVomMax 
Ao 


Vomax 


Short Circuit Recovery 0.7 


Comparator Hysteresis Voltage 


Vonys 


IVCoven | Vo Over-Voltage Current Vop = Vg = 10.8V, Vo = Vomax 


C 


[—e[wierarGoaxroweey  [SC*dSC 


c DS(ON) Drain-Source On-State lDRAIN = 5A, Vop = Ve = 10.8V Q 
Resistance Ty = +25°C 


'DS(ON) Drain-Source On-State IDRAIN = 5A, Vop = Ve = 10.8V 
Resistance Ty; = +105°C 
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Specifications HIP5061 


Electrical Specifications Vpop = Vg =12V, Vc = 5V, Veg = 5.1V, SOURCE = GND = DRAIN = OV, T, = 0°C to +105°C, 
Unless Otherwise Specified (Continued) 


[svweou [| _paraweven | vesvconbmions [ww | We | wax | uns 


CURRENT CONTROLLED PWM 
Sa) Soran ent [wa SSC~—“—~‘“*‘id SP me 


Ver Voltage to Current Converter Ref- | Iprain = 0.25A, Note 3 V 
erence Voltage 
tat Current Comparator Blanking 175 
Time 


[nes 


loFFMIN Minimum DMOS “OFF” Time 

MinCl Minimum Controllable DMOS 
Peak Current 

MaxCl Maximum Controllable DMOS Duty Cycle = 6% to 30%, Note 3 7 A 
Peak Current 

MaxCl Maximum Controllable DMOS Duty Cycle = 30% to 96%, Note 3 A 
Peak Current 


CURRENT COMPENSATION RAMP 


ef 
fF 
b 


Al/At Compensation Ramp Rate Alprain, PEAK /ATime, Note 3 


b 


Compensation Ramp Delay 


START-UP 


Rising Vpp Threshold Voltage Veg =4V 


Power-On Hysteresis Veg =4V Vv 


Enable Comparator Threshold V 
Voltage 


ee [Power uprestance [ven toavive-oev | w | wo | woo | a 


THERMAL MONITOR 


Ty Substrate Temperature for Note 4 145 "0 
Thermal Monitor to Trip 


NOTES: 
1. All Voltages relative to pin 1, GND. 
2. Vp = 10V, Starting Ty = +25°C, L = 4mH, Ipeax = 7A. 
3. Test is performed at wafer level only. 
4. Determined by design, not a measured parameter. 


VppMIN 
VopHYS 


VcEN 


TABLE 1. CONDITIONS FOR UNCLAMPED ENERGY CIRCUIT - 


1 


1 
VARY tp TO OBTAIN = 
REQUIRED PEAK I, 


12V 
tp 


NOTE: Device Selected to Obtain Peak Current without Clocking FIGURE 1. UNCLAMPED ENERGY TEST CIRCUIT 
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HIP5061 


Definitions of Electrical Specifications 


Refer to the Functional Block Diagram of Figure 1 for loca- 
tions of functional blocks and devices. 


Device Parameters 


Ipp, Quiescent Supply Current - Supply current with the 
chip disabled. The Clock, Error Amplifier, Voltage-to-Current 
Converter, and Current Ramp circuits draw only quiescent 
current. The supply voltage must be kept lower than the 
turn-on voltage of the Vpp clamp or else the supply current 
increases dramatically. 


lbp» Operating Supply Current - Supply current with the 
chip enabled. The Error Amplifier is drawing its maximum 
current because Vz is less than its reference voltage. The 
voltage-to-current amplifier is drawing its maximum because 
Vc is at its maximum. The ramp circuit is drawing its maxi- 
mum because it is not being disabled by the DMOS transis- 
tor turning off. 


IVg, Quiescent Gate Driver Current - Gate Drivers supply 
current with the IC disabled. The Gate Driver is not toggling 
and so it draws only leakage current. 


IVg, Operating Gate Driver Current - Gate Drivers supply 
current with the IC enabled. The DMOS transistor drain is 
loaded with a large resistor tied to GOV so that it is swinging 
from OV to 60V during each cycle. 


Vppc» Vpp Clamp - Vpp voltage at the maximum allowed 
current through the Vpp Clamp. 


Vrer, Reference Voltage - The voltage on FB that sets the 
current On Vc to zero. This is the reference voltage for the 
DC/DC converter. 


Amplifiers 


ll-g!, Input Current - Current through FB pin when it is at its 
normal operating voltage. This current must be considered 
when connecting the output of a DC/DC convertor to the FB 
pin via a resistor divider. 


Gm(Veg), Transconductance - The change in current 
through the Vc pin divided by the change in voltage on FB. 
The g,, times the resistance between Vc and ground gives 
the voltage gain of the Error Amplifier. 


IVemax», Maximum Source Current - The current on Vc> 
when FB is more than a few hundred millivolts less than 


VREF- 


IVcmax, Maximum Sink Current - The current on Vo when 
FB is more than a few hundred millivolts more than Vper. 


Ao,, Voltage Gain - Change in the voltage on V¢ divided by 
the change in voltage on FB. There is no resistive load on 
Vc. This is the voltage gain of the error amplifier when g,, 
times load resistance is larger than this gain. 


Vomax» Ve Rising Threshold - The voltage on Vc that 
causes the Voltage-to-Current Amplifier to reach full-scale. 
When Vc reaches this voltage, the V- NMOS transistor (tran- 
sistor with its drain connected to the Vc pin in the Functional 
Block Diagram of Figure 2) turns on and tries to lower the volt- 
age on Vc. 


Venys» Vemax Hysteresis - The voltage on Vc that causes 
the NMOS transistor to turnoff if it had been turned on by Vc 
exceeding Vowax: At this voltage the current out of the Voltage- 
to-Current Converter is at roughly three quarters of full-scale. 


IVCover, Vc Over-Voltage Current - The current drawn 
through the Vc pin after the NMOS transistor is turned on 
due to excessive voltage on Vc. The NMOS transistor con- 
nected to the Vc pin draws more than enough current to 
overcome the full scale source current of the Error Amplifier. 


Clock 


fq, Frequency - The frequency of the DC/DC converter. The 
Clock actually runs faster than this value so that various con- 
trol signals can be internally generated. 


DMOS Transistor 


lps(on)» “On” Resistance - Resistance from DMOS transis- 
tor Drain to Source at maximum drain current and minimum 
Gate Driver voltage, Vg. 


Ipss, Leakage Current - Current through DMOS transistor 
at the Maximum Rated Voltage. 


Current Controlled PWM 


9m(Vc), Transconductance - The change in the DMOS tran- 
sistor peak drain current divided by the change in voltage on 
Vo. When analyzing DC/DC converters the DMOS transistor 
and the inductor tied to the drain are sometimes modelled as 
a voltage-controlled current source and this parameter is the 
gain of the voltage-controlled current source. 


Viger, Current Control Threshold - The voltage on Vo 
that causes the DMOS transistor to shut off at the minimum 
controllable current. This voltage is greater than the Enable 
Comparator Threshold (Vcgen) So that as Vo rises the IC 
does not jump from the disabled state to the DMOS transis- 
tor conducting a large current. 


tg, Blanking Time - At the beginning of each cycle there is 
a blanking time that the DMOS transistor turns-on and stays- 
on no matter how high drain the current. This blanking time 
permits ringing in the external parasitic capacitances and 
inductances to dampen and for the charging of the reverse 
bias on the rectifier diode. 


tonmin» Minimum DMOS Transistor “On” Time - The mini- 
mum on-time for the DMOS transistor where small changes 
in the Vc voltage make predictable changes in the DMOS 
transistor peak current. Converters should be designed to 
avoid requiring pulse widths less than the minimum on time. 


toremin» Minimum DMOS Transistor “Off” Time - The min- 
imum off-time for the DMOS transistor that allows enough time 
for the IC to get ready for the next cycle. Converters should be 
designed to avoid requiring pulse widths so large that the mini- 
mum off time is violated. (However, zero off time is allowed, that 
is, the DMOS transistor can stay on from one cycle to the next.) 


MinCl, Minimum Controllable Current - When the voltage 
On V¢ is below V/Iper, the peak current for the DMOS tran- 
sistor is too small for the Current Comparator to operate reli- 
ably. Converters should be designed to avoid operating the 
DMOS transistor at this low current. 
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MaxCl, Maximum Controllable Current - The peak current 
for the DMOS transistor when the Voltage-to-Current Con- 
verter is at its full scale output. The DMOS transistor current 
may exceed this value during the blanking time so proper 
precautions should be taken. This parameter is unchanged 
for the first 3/8 of the cycle and then decreases linearly with 
time because of the Current Ramp becoming active. 


Current Compensation Ramp 


AVAt, Compensation Ramp Rate - At a given voltage on Vo 
the DMOS transistor will turn off at some current that stays 
constant for about the first 1.5us of the cycle. After 1.5y1s, the 
turnoff current starts to linearly decrease. This parameter 
specifies the change in the DMOS transistor turnoff current. 


tap, Compensation Ramp Delay - The time into each cycle 
that the compensation ramp turns on. The Current Compen- 
sation Ramp, used for Slope Compensation, is developed by 
the Current Ramp block shown in the FUNCTIONAL BLOCK 
DIAGRAM of Figure 2. 


Start-Up 


Vopminy Rising Vpp Threshold Voltage - The minimum 
voltage on Vpp needed to enable the IC. 


Vppnys» Power - On Hysteresis Voltage - The difference 
between the voltage on Vpp that enables the IC and the volt- 
age that disables the IC. 


Vop Vop 

7 CLAMP 

ce ees a Nt 
BAND GAP eal 
REFERENCE cIncUITS View 
REGULATOR 


\/ 
<4 = Vrer = 5.1V 
10.3V 


+ ~<___S ee MONITOR 


Fi 
DISABLE 


VOLTAGE TO 
DD CURRENT 


LIGHT LOAD 
COMPARATOR 


eee a aided 


Vcen, Enable Comparator Threshold Voltage - The mini- 
mum voltage on Vc needed to enable the IC. The IC can be 
shutdown from an open-collector logic gate by pulling down 
the Vc pin to GND. 


Ryc, Power - Up Resistance - When Vpp is below Vppmin, 
the NMOS transistor connected to the Vc pin is turned on to 
make sure the Vc node is low. Thus the voltage on Vo can 
gradually build up as will the trip current on the DMOS tran- 
sistor. This is the only form of “soft start” included on the IC. 
The resistance is measured between the Vc and GND pins. 


Thermal Monitor 


Ty, Rising Temperature Threshold - The IC temperature 
that causes the IC to disable itself so as to prevent damage. 
Proper heat-sinking is required to avoid over-temperature 
conditions, especially during start-up when the DMOS tran- 
sistor may stay on for a long time if an external soft-start cir- 
cuit is not added. 


Tjny, Temperature Hysteresis - The IC must cool down 
this much after it is disabled by being too hot before it can 
resume normal operation. 


weer eerececnree ee weer eee we eeeee eee ee ew ee ee were ereer eee ee 


ie RESET 


—— 
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ENABLE E 


INTERNAL LEAD — 
INDUCTANCE 
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FIGURE 2. FUNCTIONAL BLOCK DIAGRAM OF THE HIP5061 
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Pin Description 


TERMINAL 
NUMBER DESIGNATION DESCRIPTION 


PAP GND This is the analog ground terminal of the IC. 


Ve The output of the transconductance amplifier appears at this terminal. Input to the internal 
voltage to current converter also appears at this node. Transconductance amplifier gain 
and loop response are set at this terminal. When the Vpp terminal voltage is below the 
starting voltage, Vopmin, this terminal is held low. When the voltage at this terminal 
exceeds Voyax, 7V typical, implying an over-current condition, a typical 10mA current, 
lvcover Pulls this terminal towards ground. This current remains “ON” until the voltage on 
the Vo terminal falls by Voyys, typically 1.1V, below the upper threshold, Voyax. When the 

| 
SOURCE 
length and resulting high inductance of this terminal, it should not be used as a means of 
bypassing. Therefore, this terminal is labeled “Do Not Use.” 
a ae DRAIN Connection to the Drain of the internal power DMOS transistor is made at this terminal. 

Ve Gate drive supply voltage is provided at this terminal. A 10Q to 150Q resistor connected 
between this terminal and the Vpp terminal provides decoupling and the supply voltage 
for the gate drivers. 

_ 


voltage on this terminal falls below Vc_n, typically 1.5V, the IC is disabled. 
For more information refer to Application Notes AN9208, AN9212, AN9323. 


Feedback from the regulator output is applied to this terminal. This terminal is the input to 
the transconductance amplifier. The amplifier compares the internal 5.1V reference and 
the feedback signal from the regulator output. 


The terminal, labeled TAB, has a connection to this terminal, but because of the long lead 


External supply input to the IC. A nominal 14V shunt regulator is connected between this 
terminal and the TAB. A series resistor should be connected to this terminal from the 
external voltage source to supply a minimum current of 33mA and a maximum current of 
105mA under the worst cast supply voltage. The series resistor is not required if the 
supply voltage is 12V, +10%. 


This is the internal power DMOS transistor Source terminal. It should be used as the 
ground return for the Vpp bypass capacitor. In addition high frequency bypassing for both 
the regulator output load voltage and supply input voltage should be returned to this 
terminal. 


Foot Print For Soldering 


0.523 LIMIT OF SOLDER MASK 
0.120 OPTIONAL © 0.151 a ihc 
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Typical Performance Curves 
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FIGURE 3. TYPICAL SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 7. TYPICAL CLAMP VOLTAGE vs TEMPERATURE 
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Typical Performance Curves (Continued) 
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FIGURE 9. TYPICAL REFERENCE VOLTAGE vs SUPPLY 
VOLTAGE FOR 0°C AND +105°C 
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FIGURE 11. TYPICAL INPUT CURRENT TO FB PIN vs Veg 
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FIGURE 13. TYPICAL Vc; PIN CURRENT IV; PIN vs 
VOLTAGE ON FB PIN (SHOWS ERROR 
AMPLIFIER TRANSCONDUCTANCE) 
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FIGURE 12. TYPICAL ERROR AMPLIFIER 
TRANSCONDUCTANCE vs TEMPERATURE 
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FIGURE 14. TYPICAL ERROR AMPLIFIER SINKING AND 
SOURCING CURRENT vs TEMPERATURE 
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Typical Performance Curves (continued) 
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FIGURE 15. TYPICAL V-_ PIN CURRENT vs 
VOLTAGE ON FB PIN 


a Tn 


Vc PIN CURRENT (mA) 


10 11 12 
VOLTAGE ON Vc PIN (V) 


FIGURE 17. TYPICAL V, PIN CURRENT vs VOLTAGE ON Vc PIN 
FOR VOLTAGES ABOVE AND BELOW Vpgr 
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FIGURE 19. TYPICAL OVER-VOLTAGE CURRENT vs 
TEMPERATURE 
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FIGURE 16. TYPICAL V, PIN CURRENT vs VOLTAGE ON 
Vc PIN FOR 0°C AND +105°C 
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FIGURE 18. TYPICAL SHORT CIRCUIT COMPARATOR 
THRESHOLD VOLTAGE vs TEMPERATURE 
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FIGURE 20. TYPICAL CLOCK FREQUENCY PERCENT 
CHANGE vs TEMPERATURE 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 
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Typical Application Circuit 


Figure 33 shows a Simplified Block Diagram of the HIP5061 in a 
typical Boost converter. A resistor connected from the Vij, supply 
to the Vpp terminal of the IC powers the internal 14V shunt 
regulator. The Gate Driver supply is decoupled from the main 
supply by a small external resistor connected between Vpp and 
the Vg terminal. A bypass capacitor is connected between the 
Vpp terminal and ground to reduce coupling between analog and 
digital circuitry. A Schottky diode insures efficient energy transfer 
from the DMOS drain circuit inductor to the load. To set the 
output voltage, two resistors are used to scale the output supply 
voltage down to the 5.1V internal reference. 


The heart of the IC is the high current DMOS power 
transistor with its associated gate driver and high-speed 
peak current control loop. A portion of the converters DC 
output is applied to a transconductance error amplifier that 
compares the fed back signal with the internal 5.1V 
reference. The output of this amplifier is brought out at 
the Vc terminal to provide for soft start and frequency 
compensation of the control loop. This same signal is also 
applied internally to program the peak DMOS transistor 
drain current. To assure precise current control, the 
response time of this peak current control loop is less 
than 50ns. 


2MHz 
CLOCK 


A 2MHz internal clock provides all the timing signals for the 
converter operating at 250kHz. A slope compensation circuit 
is also incorporated within the converter IC to eliminate sub- 
harmonic oscillation that occurs in continuous-current mode 
converters operating with duty cycles greater than 50%. 


HIP5061 Description of Operation 


Figure 2 shows a more detailed Functional Block Diagram of 
the HIP5061. An internal 14V shunt regulator in conjunction 
with an external series resistor provides internal operating 
voltage to the IC in applications where no 12V auxiliary sup- 
ply is available. Note that In applications where the input 
voltage at Vpp is 12V, +/-10%, the regulator is not used. This 
regulator is shown as a zener diode on the diagrams of Fig- 
ure 2 and Figure 33. 


The 2MHz clock is processed in the Control Logic block to 
provide various timing signals. A cycle of operation begins 
when a 100ns pulse (which occurs at a 4s interval) triggers 
the latch that initiates the DMOS transistor on-time. This 
pulse also provides a blanking interval in the Current Moni- 
toring block to eliminate false turn-offs caused by high tran- 
sient pulse currents that occur during turn-on. The output of 


> Vout 


2.6V 


SLOPE 
COMPENSATION 


GND 


FIGURE 33. SIMPLIFIED BLOCK DIAGRAM OF THE HIPS061 IN A TYPICAL "BOOST" CONFIGURATION 
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the Current Ramp block is summed with the sensed DMOS 
transistor current (to provide slope compensation) before 
being compared with the Error Current signal. The current 
ramp, -0.45A/s, is inhibited for the first 1.5us (37.5%) of the 
duty cycle by the Ramp Enable signal, since ramp is not 
needed for slope compensation during this interval. Inhibit- 
ing of the compensating ramp has the effect of reducing the 
peak short-circuit current. 


The output of the power supply is divided down and 
monitored at the FB terminal. A transconductance error 
amplifier compares the DC level of the fed back voltage with 
an internal bandgap reference, while providing voltage loop 
compensation by means of external resistors and 
capacitors. The Error Amplifier output (the error voltage) is 
then converted into a current (the Error Current) that is used 
to program the required peak DMOS transistor current that 
produces the desired output voltage. When the sum of the 
sensed DMOS transistor current and the compensating 
ramp exceed the Error Current signal, the latch is reset and 
the DMOS transistor is turned off. Current comparison 
around this loop takes place in less than 50ns, allowing for 
excellent 250kHz converter operation. The latch can also be 
reset by an under-voltage (Vpp < 10.3V typical), over 
temperature (T) > +125°C typical) or a shutdown signal 
externally applied at the Vc terminal. See Figure 36. 


Note that if the error voltage (at the Vc pin) is less that 
2.55V, then the output of the Voltage-to-Current Converter 
will be held at zero. This condition will produce the minimum 
possible pulse width, typically 150ns (100ns blanking pulse 
plus 50ns delay). Error voltages lower than this 2.55V level 
will not produce shorter pulse widths. Under very light loads 
(when Vo goes below 1.5V), the Enable Comparator will 
temporarily hold-off the PWM latch (and the DMOS transis- 
tor) until the Vo voltages rises above 1.5V. This low Vo 
inhibit circuit results in a burst-mode of operation that main- 
tains regulation under light or no loads. 


During an over-current condition, the output of the Error 
Amplifier will attempt to exceed the 7.0V threshold. At this 
point, the Short-Circuit Comparator will pull down on this sig- 
nal and induce a low-level oscillation about the threshold, 
serving to clamp the peak error voltage. This clamping 
action, in turn, will limit the peak current in the DMOS tran- 
sistor, reducing the duty ratio of the switch as the demand for 
current continues to increase. This action, in conjunction 
with the Thermal Monitor, serves to protect the IC from over- 
current (short-circuit) conditions. 


Using the Transconductance Error Amplifier 


A transconductance amplifier with a typical g,, of 30mS is 
used as the input gain stage where the power supply output 
voltage is compared with the internally generated 5.1V 
reference voltage. A PNP transistor input structure allows 
this amplifier to accommodate large negative going transient 
voltages without causing amplifier phase reversal, often 
associated with PNP input structures. Negative transients up 
to 5V applied to the input though at least 5.1k will not result 
in phase reversal. The amplifier output stage has the 
customary drain to drain output to help improve the output 


impedance, ideally infinity. The amplifier gain is typically 
50dB and is not significantly altered when operating into the 
stages that follow within the IC. To minimize the output stage 
idling current, while providing high peak currents to insure 
rapid response to load and input transients, a class B type of 
output stage was used in the amplifier. Placing a 100k 
resistor from the amplifier output terminal, Vc, to ground will 
bias the output stage to an active state and still minimize 
power consumption. In all cases, the resistor shunting the 
transconductance amplifier output must be greater than 
10kQ to insure that the output will rise sufficiently high to 
obtain the maximum DMOS transistor drain current. 


Start-Up Sequence 


Upon initial power up of the HIP5061 in a typical application 
circuit, the voltage at Vc will be zero, and the DMOS transis- 
tor will be off. When the voltage at Vpp rises above the 
10.3V typical threshold, the error amplifier output is enabled 
and the Vc voltage begins to rise in response to the low volt- 
age at the FB terminal. When the Vc voltage rises above 
1.5V the DMOS transistor begins to switch at the minimum 
duty cycle, and when it rises above 2.55V the duty cycle 
begins to increase. The Vo voltage (and peak DMOS tran- 
sistor current) will then continue to rise until the voltage loop 
gains control and establishes regulation. Note that the rate 
of rise in the Vc voltage can be controlled by an external soft 
start circuit (See Soft Start Implementation). 


If the Vo voltage is unrestricted in its rate of rise, then it will 
typically rise quickly to its maximum (peak current) value, 
causing the DMOS transistor to turn-on and stay on until it 
reaches the peak current value. At this point, the DMOS 
transistor begins switching, and the Ve voltage (and peak 
DMOS transistor current) will drop down to the level com- 
manded by the voltage loop. 


Using the Shunt Regulator 


The internal 14V shunt regulator in conjunction with an 
external series resistor allows the IC to operate from quite 
high input voltages, limited only by power dissipation in the 
external resistor. When only higher voltages are available, a 
bootstrap or other 12V auxiliary supply can be used to elimi- 
nate this dissipation. The series resistor should be chosen to 
be as large as possible to reduce power dissipation at high 
line, while ensuring adequate Vpp voltage at low line. The 
maximum value for this resistor, R, is given by: 


= YY = ato, 
Max (°”) 0.033 


Where V; is the input voltage to the power supply. The value 
chosen for this resistor must also result in a current, J, into 
the Vpp clamp that is less than 105mA when the input volt- 
age is at its maximum: 
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Inductor Selection 


The selection of the energy storage inductor(s) Lstor for a DC to 
DC converter has tremendous influence on the behavior of the 
converter. It is particularly important in light of the high level of 
integration (and necessarily few degrees of freedom) achieved in 
the HIP5061. There are several factors influencing the selection 
of this inductor. First, the inductance of Lstor will determine the 
basic mode of operation for the converter: continuous or 
discontinuous current. In order to maximize the output power 
for the given maximum controllable DMOS transistor current, a 
converter may be designed to operate in continuous current 
mode (CCM). However, this tends to require a larger inductor, 
and for many converter topologies results in a feedback loop 
thais difficult to stabilize. For these and other reasons, the 
inductor LstgoR May be chosen so as to operate the converter in 
discontinuous current mode (DCM). The relative merits of 
CCMand DCM operation for various topologies and the 
corresponding selection of Lstor is well documented and will not 
be covered here. 


A second factor influencing the selection of Lstor is the 
stability requirement for current-mode control. This constraint is 
only applicable for converters operating in CCM, since open- 
loop instabilities of this type are not observed in converters 
operating in DCM. For marginal stability, the compensating 
ramp (internal to the HIP5061) must have a slope that is 
greater than one-half the difference between the inductor 
current’s down slope and up slope. (To ensure stability for duty 
ratios D > 0.8, the slope of the compensating ramp should be 
equal to the inductor current downslope.) A generally accepted 
goal is to set the slope of the compensating ramp to be at least 
one-half of the inductor current down slope. Since there is no 
external control over the internal compensating ramp, one must 
be sure that the inductor is large enough so that the down slope 
of the inductor current is not too large. Table 2 summarizes this 
requirement for minimum inductance for several common 


topologies. 


A third constraint on the size of the inductor is one that is 
common among current-mode controlled PWM converters, 
and applies to both DCM and CCM operation. The stable 
generation of the desired DMOS transistor pulse width 
depends on the accurate comparison of the error signal and 
the peak Lstor (DMOS) transistor drain current. Thus, as 
the peak Lstor ripple current becomes smaller, immunity 
from noise on the error signal is eventually reduced until the 
pulse width can no longer be adequately controlled. For the 
HIP5061, the inductor current ripple must be at least 200mA 
peak to peak to ensure proper control of the DMOS 
transistor current. This effectively establishes a maximum 
value for the inductor Lstor, SO as to maintain at least 
200mA of ripple. Note that under extremely light or no load 
conditions, all converters will eventually operate in DCM, 
and the 200mA requirement will eventually be violated. 
Under these conditions, the HIP5061 will continue to 
regulate, although the switching of the DMOS transistor will 
be in a _burst-mode, controlled by the Light Load 
Comparator. (See Figure 2.) 


TABLE 2. MINIMUM INDUCTANCE FOR STABLE CCM 
OPERATION ABOVE 50% DUTY CYCLE 


CONVERTER TYPE MINIMUM INDUCTANCE 


SEPIC (Note 1) —— 
Cuk (Note 2) a 

Np) (Vo + Vp) 
Flyback L.> tapas 


NOTES: 
1. Assumes that L,; and L, are both CCM. 


2. L = Inductance in Henrys, Vo = Output Voltage, 
Vp = Diode Voltage Drop, V, = Input Voltage, 
Me MIN = (AI/At) in = 0.45A/s, L, = Drain Inductor, 
L, = Secondary Inductor, Np = Primary Turns, 
Ns = Secondary Turns 


— VYo+ Vp -Vi, Min 


2Mp, MIN 


Np) 2Me MIN 


DMOS Transistor Turn-Off Snubber 


In order to reduce dissipation in the DMOS transistor due to 
turn-off losses, the turn-off time has been minimized. 
However, the rapid reduction of current that occurs in the 
drain of the DMOS transistor can result in large transient 
voltages being induced across any parasitic inductance in 
the drain path. For this reason, it is important that such 
parasitic inductance be reduced by good, high frequency 
layout practices. Nevertheless, there are many instances 
(e.g., transformer isolated topologies) in which voltages in 
excess of 60V may be developed at the DMOS transistor 
drain. In some cases, a simple R-C snubber may be added 
to reduce the overshoot of the drain voltage to a safe level. 


It is also possible that the large amount of ringing that can 
occur at the DMOS transistor drain at turn-off will induce 
noise in the IC. This noise may result in false triggering of 
the PWM latch, particularly at high peak DMOS transistor 
drain currents. Noise related instability can also be elimi- 
nated by the addition of a snubber, which will rapidly damp 
out such turn-off ringing. Good layout practices will reduce 
the need for such protective measures, and ensure that the 
DMOS transistor is not overstressed. 


Under-Voltage Lockout 


The Vpp input voltage is monitored by a comparator that 
holds off the DMOS transistor gate drive signal when the 
Vpp voltage is less that about 10.3V. The typical 0.5V hyster- 
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esis of this comparator is intended to reduce oscillation 
when the voltage at Vpp is in the vicinity of 10V. Note, how- 
ever, that when an external series resistor is used to feed the 
shunt regulator, the voltage drop across this resistor (which 
sharply decreases when the IC shuts down), effectively 
reduces the hysteresis. To reduce the tendency for oscilla- 
tion in the vicinity of the 10V threshold, the impedance of the 
source that feeds the DC to DC converter input should be 
minimized. The addition of a capacitor (1pF-47pF) at the 
Vpp terminal can also heip to provide smooth turn-on or turn- 
off of the converter if the input supply rises or falls gradually 
through the Vpp Comparator threshold. 


Peak Controllable DMOS Transistor Current 


Figure 34 shows the guaranteed minimum, peak controllable 
DMOS transistor current versus duty cycle. This peak cur- 
rent value is established by the current limit circuitry, which 
effectively clamps the voltage at Vc (the error voltage) to 
perform current limiting. Since the sensed DMOS transistor 
current is summed with a compensating current ramp that 
begins its rise 1.5y1s after the initiation of a cycle, current lim- 
iting will begin to occur at a peak DMOS transistor current 
that varies with the operating duty cycle. The highest current 
limit threshold occurs for D<0.375, where no ramp is added 
to the sensed DMOS transistor current. At higher operating 
duty ratios, the onset of current limit will occur at increasingly 
lower currents, due to the effect of adding the compensating 
ramp to the sensed current. Note that this curve represents 
guaranteed minimum values. The guaranteed maximum val- 
ues are considerable higher, although they are still limited to 
levels that protect the IC. 


PEAK DMOS CURRENT (A) 


-_- 


0.06 0.375 1.0 
DUTY CYCLE 


FIGURE 34. PEAK DMOS TRANSISTOR DRAIN CURRENT vs 
DUTY CYCLE 


When the DMOS transistor first turns ON there may be sub- 
stantial current spikes exceeding the normal maximum peak 
current established by the current control stages within the 
IC. To prevent these spurious spikes from conveying errone- 
ous information to the Current Comparator, a 100ns blanking 
signal is applied to the current monitoring circuitry. Thus, 
there is no peak current protection during the first 6% of the 
duty cycle (see Figure 36). 


DMOS Transistor Turn-On Noise 


Although the large DMOS transistor turn-on current spikes are 
“blanked over’ by the control circuit, it is important to minimize 
these current spikes, since they often result in voltage spikes 
considerably below the device substrate that can activate par- 
asitic devices within the IC. Such activation of parasitic 
devices will often result in improper operation of the IC. An 
external terminal labeled Vg brings out the power supply to 
the gate drive circuitry. This allows for the control of the peak 
current delivered to the gate of the DMOS transistor, which in 
turn establishes the turn-on speed. The Vg pin may be exter- 
nally bypassed for the fastest possible turn-on, or series resis- 
tance may be added with no bypassing capacitor to slow 
down the turn-on of the DMOS transistor. Depending upon the 
actual layout of the supply, it is generally recommended that a 
series resistor be added (10Q-150Q) so that the DMOS tran- 
sistor turn-on speed is reduced. By properly adjusting the 
turn-on speed, undershoot can be avoided while turn-on 
switching losses are kept to a minimum. 


Soft Start Implementation 


It is often desirable to allow the regulator to start up slowly, 
Figure 35 shows one means of implementing this action. The 
normally high output current from the HIP5061 transconduc- 
tance amplifier (when Veg = 0 and Vper = 5.1V) is directed to 
an external capacitor through a diode. This slows down the 
rate of rise of the voltage at the Vo terminal. After the regula- 
tor starts, the external capacitor is charged to Vpp and is 
effectively removed from the frequency compensation net- 
work by a reverse biased diode. To ensure rapid recycling of 
the capacitor voltage with removal of power, a diode is placed 
across the 100kQ. resistor. Logic Shutdown Input (V¢ Pin). 


GATE DRIVER 
AND CONTROL 
CIRCUITRY 


SS eeereweawweseseesy 


SOFT START 
NETWORK 


HIPS061 


GND SOURCE 


TYPICAL FREQUENCY 
COMPENSATION NETWORK 


FIGURE 35. SOFT START CIRCUIT FOR THE HIP5061 


The DC to DC converter may be shut down by returning the 
Vc Output terminal to ground. A sinking current greater than 
4mA will insure that this output is pulled to ground. It must be 
remembered that once switching operation ceases, the drain 
of the DMOS transistor is open. When the supply is in the 
Boost configuration, the output voltage is not zero but the input 
voltage less diode and inductor voltage drops. If the SEPIC 
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topology is used, this is not the case. Shutting down the regu- 
lator via the Vo terminal will cut off the output. Figure 36 shows 
two methods of shutting down the IC. In each case the current 
sinking circuit must be able to sink at least 4mA, the maximum 
current from the HIP5061 Vc terminal. 


GATE DRIVER 
AND CONTROL 
CIRCUITRY 


"e“sssasasea2e2ae 


Reww ewe ewww ee eee 


HIP5061 SOURCE 


NOTE: FREQUENCY 
hor eiow NETWORK 


ALTERNATE METHOD pen Stee = 


FIGURE 36. TWO METHODS OF SHUTTING DOWN THE HIP5061 


Mounting, Layout and Component 
Selection 


The TO-220 package with its gullwing leads was designed to 
be surface mounted. To aid in the external reduction of lead 
length and hence inductance and resistance, the IC leads 
were staggered. To keep the inductance and resistance of 
the critical drain terminal as low as possible, it is suggested 
that the PC trace to the DMOS transistor drain terminal be 
made as wide as possible. The adjacent source terminal is 
not recommended to be used and therefore allows the metal 
to the drain terminal to be widened beyond the normal 
widths for these terminals. Figure 37 illustrates these points. 


One of the most important aspects to the proper application 
of this device is high frequency bypassing. In a Boost con- 
verter, for example, there should be a low-inductance inter- 
connect from the DMOS transistor drain, through the output 
diode and capacitors, and returning to the TAB (source) of 
the HIP5061. Inductance in this line results in large transient 
voltages on the DMOS transistor drain terminal which can 
result in voltages above the maximum DMOS transistor 
drain voltage rating. 


IC SOLDERED TO PC BOARD 
Vg PC METAL 


Vpp PC METAL 


WIDER 
DRAIN 

PC METAL 
FOR LOWER 
~<«— INDUCTANCE 


HIP5061 

NORMAL 
PC METAL 
FOR FB 
AND Vc 


GROUND PC METAL 


FIGURE 37. SHOWING WIDER PC BOARD METAL FOR 
CRITICAL 


All the capacitors shown with values of 1pF or less are of the 
multilayer ceramic type with the X7R dielectric material. This 
material has a fairly flat voltage and temperature coefficient 
that assures that the capacitance remains comparatively con- 
stant at extreme operating temperatures and voltages. The 
multilayer construction allows for comparatively large values 
with good volumetric efficiency and low inductance. Capaci- 
tors around the power input and output circuits should be 
returned to the device TAB via a low inductance ground plane. 
This TAB is internally connected to the DMOS transistor 
source. The schematic diagram of Figure 38 was drawn with 
the diagonal leads to show the critical paths for the various 
high frequency elements. These short interconnects assure 
the lowest inductance around the output power circuit. 


Design of a 28V, 1.8A Boost Converter 
Figure 38 shows the schematic diagram and a parts list of a 


50W supply designed with the HIP5061. Table 3 tabulates 
the performance of the power supply. 


TABLE 3. TYPICAL LABORATORY PERFORMANCE OF 
50W, 28V/1.8A REGULATOR 


NI VOTAGG cctccneadkvhdbneteveedinneewes 11V to 16V 
Lie ABOUAION, 6c t0 de seaves wees sweaasduns 12mV/V 
Output VONRGS 66 ci ceexccc ese eas sacdessees 28.0V 
LOG0 AOGUIAION 125 cccc vase nenvna enna new ive 64mV/A 
CUD FINIG. Fla a knidccke cxwatneadnws wes ns 600mV P-P 
(20MHz BW) 
Output Ripple, after Filter, FL................. 80mV P-P 
(20MHz BW) 
Efficiency: V)= 11V, ly = O.18A.....4 202000000. 90% 

Wye T1V, he @ 1 BR css caeanwewn es 89% 

View 16V, 4 @ONGAs ccaccncasnsees 73% 

Vm 16V, |) @ 1 GAs axes avedenes es 93% 


inductor Selection 


In order to maximize the output power for the given maxi- 
mum controllable DMOS transistor current, this converter 
has been designed to operate in continuous current mode 
(CCM). In this mode, the inductor value will generally be 
large, resulting in a lower inductor ripple current and a lower 
peak DMOS current. To ensure that the converter operates 
in CCM over the usable range of input voltage and output 
current, the value of L2 must be greater than the “critical 
inductance,” given by 


2 
VoVi Max YotYp-Yi max) Fs 


2 
2P9 MIN (Yo+ Vp) 
2 


LoritT= 


_ (28) (16) (28+ 0.5 - 16) 4x10 


2 (5.6) (28+0.5)* 
= 39uH 
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where Powmin has been arbitrarily chosen as 5.6W, corre- 
sponding to an output current of 0.2A, and Vp is the forward 
voltage of CR1. Thus, for L2 > 39,1H, the converter will be in 
CCM for V; = 11V to 16V and I, = 0.2A to 1.8A. 


A second factor influencing the selection of L2 is the stability 
requirement for current-mode control. Using the above 
equation for Lyyiy for the Boost converter: 


28+0.5-11 


Yot¥D-YiMIN _ 
2 x (0.45x10°A/S) 


> = 19H 
2xMRaAMP.MIN 


L 


Thus, L2 must be at least 191.H to ensure good stability of 
the current loop, and a choice of L2 = 40H satisfies this 
requirement, while maintaining CCM operation over an 
extremely wide load range. 


The chosen core material for L2 is Kool Mu ferrous alloy pow- 
der from Magnetics, Inc. This material was chosen because of 
its relatively low cost, while its losses due to AC flux are five to 
ten times less than conventional powdered iron. 


Loop Compensation 


The control to output transfer function for this current-mode 
boost converter has the following characteristics over the 
specified load and line conditions: 


pF, =L2, 40ynH 
C4 

INPUT a 

11VDC - 16VDC < 


R5 
10Q, 1/4W 


GATE DRIVERS, 
CONTROL CIRCUITRY 
AND LOGIC 


HIP5061 


PARTS LIST 
RA 20Q, 1W, Wirebound - Dale RWR81S20RO0FR or Equivalent 
R1 10K, 1% 
R2 2.2K, 1% 
R4 100K, 1/4W 
R5 10Q, 1/4W 
R11 7.59, 1/2W, Carbon - Allen Bradley EB75G5 


(SOURCE) 


D.C. Gain: 20dB-40dB 

Pole at 88Hz-880Hz 

LHP Zero at 1MHz 

RHP Zero at 11.0KHz-110kHz 
Double Pole at 80kHz (from filter) 


To stabilize the voltage loop, it is necessary to establish the 
unity gain crossover frequency well below the RHP zero, since 
this zero introduces positive gain and negative phase. A cross- 
over of 4kHz is fairly conservative, and is achieved by adding a 
1p.F capacitor at the VC pin, which provides near infinite DC 
gain, and about -5dB of gain at 4kHz. This results in a phase 
margin of about 15° at full load. Note that R4 is required for 
proper operation of the transconductance amplifier, since it is 
providing bias current for the output stage as discussed under 
Using the Transconductance Error Amplifier section. 


Output Filter Design 


Inductor L3 was chosen with C11 to provide at least 15dB of 
ripple attenuation at the switching frequency. The corner fre- 
quency (80kHz) of this filter is well above the crossover fre- 
quency of the voltage loop (4kHz), and has no effect on 
stability. This secondary LC filter was used to reduce output 
ripple instead of a lower-cost, high-value, low ESR alumi- 
num electrolytic capacitor to demonstrate the reduction in 
volume possible at this switching frequency. A lower cost 
solution could achieve the same output ripple by replacing 
C9,10,12 and L3 with one or two large capacitors (e.g., 


w2saae2en 


ewes eeecueoa 


OUTPUT 
SOV 28VDC 
ae ~ 0A-1.8A 
OPTIONAL 


C1,C3,C4andC11 1pF, 50V, Ceramic - Murata Erie RPE113X7R105050V 


C5 andC12 47,F, 50V, Alum - United Chemicon 515D476M050 
C9 andC10 6.8yF, 50V, Ceramin - Mallory M60u6r8M50 
C13 1nF, 100V, Ceramin - Kemet C322C102K1G5CA 
CR1 Schottky Diode - Motorola MBRD360 
L2 40H at 5A, Pulse Engineering PE - 53571 
L3 4H at 5.5A, Pulse Engineering PE - 53570 


FIGURE 38. HIP5061 50W, 28V BOOST REGULATOR SCHEMATIC AND PARTS LIST 
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390uF, 50V, type 673D from United Chemicon). This change 
would also greatly improve load transient response, pro- 
vided that the loop compensation is appropriately adjusted. 
Note that in the circuit of Figure 38, capacitor C12 does not 
significantly affect output ripple, but is necessary to absorb 
the energy stored in L2 during severe load transients. In the 
event of a step change in load from 1.8A to 0A, C12 will limit 
the output voltage overshoot to about 10V and protect the 
drain of the DMOS transistor from overvoltage breakdown. 


Input and Vpp Filters 


Since the boost converter is current fed, input filtering is eas- 
ily achieved by the addition of a small capacitor C4. This 
capacitor provides nearly 40dB of ripple current attenuation 
for the input, reducing the AC ripple current flowing into the 
converter to less than 200mA. 


R5 and C3 have been chosen to provide good filtering of 
high frequency pulse currents. R5 provides isolation 
between the analog Vpp pin and the high pulse current Vg 
pin, and also provides a means to control the turn-on speed 
of the DMOS transistor by limiting the peak current available 
to the internal gate drive circuitry. Thus the output transition 
time may be increased to prevent drain voltage undershoot. 
Undershoot may result in activation of device parasitics and 
improper circuit operation. For the two-layer board used for 
this design, C3 could be reduced to 0.22uF without affecting 
circuit operation. C5 was added to provide low-frequency fil- 
tering at the Vpp pin. This reduces the tendency of the circuit 
to oscillate off and on when the voltage at the Vpp pin s in 
the vicinity of the under voltage lockout threshold, typically 
10V, and the output power is high (OW - 50W). 


Shunt Regulator Resistor 


Resistor RA has been chosen to be as large as possible to 
reduce power dissipation at high line, while ensuring ade- 
quate Vpp voltage at low line. Note that the guaranteed 
range of input voltage for proper operation of this circuit is 
11.2V to 15.3VDC, based upon data sheet limits. However, 
the circuit was found to perform well at room temperature for 
V, = 10.7VDC to 17VDC. The maximum value for RA is 


———_— = 219 
0.033 F 


RMAX = 


RA has been chosen as 20Q, which results in a current into 
the Vpp clamp that is less than 105mA when the input volt- 
age is at its maximum: 

MAX — 


| 
20.0 


= 100mMA<105mA 


Snubber Network 


A snubber network has been added to reduce the ringing at 
the drain due to parasitic layout inductances. In particular, 
under severe load transient conditions, this snubber is nec- 
essary to protect the drain from voltage breakdown. A sec- 
ond benefit of reducing the noise and ringing at the drain is 
that it reduces the tendency of the HIP5061 to exhibit noise- 
related instabilities at high peak DMOS transistor currents 
(4A-6A). A value of 1000pF was chosen for C13, since this 
is adequate to dampen the ringing associated with the 
200pF drain capacitance of the DMOS transistor. R11 was 
chosen as 7.5Q to provide the best possible dampening 
given the parasitic inductances that exist in the layout. Note 
that this snubber may not be necessary if the layout of the 
circuit were improved, or if the application did not push the 
envelope of DMOS transistor current. 


Other Power Supply Topologies 


Figure 39 shows three other topologies besides the Boost that 
may be implemented with the grounded source DMOS power 
transistor used in the HIP5061. Other, more complex power 
supply topologies such as the Quadratic are also possible to 
implement with the HIP5061. One noteworthy feature of the 
Quadratic topology as shown in Figure 41 is the wide input to 
output voltage transfer ratio possible with reasonable duty 
cycles. Duty cycles that are not near the Minimum DMOS tran- 
sistor “ON” Time specification shown in the Data Sheet. This 
permits easier control at the extremes of the transfer ratios. 
Compensating the control loop can pose challenges because 
of the wider changes in the transfer ratio and hence loop gain. 


The SEPIC topology!'':'5] does not have quite as wide input- 
output voltage range with reasonably controlled duty cycles 
as the Quadratic converter mentioned above, but it does 
allow both voltage increase and decrease with the same cir- 
cuit. This is particularly advantageous when a power supply 
is being used in the stabilizing mode and isolation is not 
required. For example, in an application where a regulated 
24V output is required and the input voltage varies +20% 
from a nominal 24V. The SEPIC supply can provide both the 
Boost and Buck functions. 


Another outstanding advantage of the SEPIC topology is its 
fault isolation of the input and output voltage. All energy is 
transferred via the coupling capacitor. Moreover if the clock 
stops, voltage transfer stops. If the switching transistor shorts 
there is no output. The Buck circuit will apply full input voltage 
to the load with a shorted transistor. This is reason that the 
SEPIC topology is referred to as the fail-safe Buck. 
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FIGURE 40. FLYBACK CONVERTER 


It should be noted that when the Cuk topology is imple- 

mented, a transistor current source is used to convert the 

Vous negative output voltage of the Cuk converter to a current that 
is level shifted to the FB terminal on the HIP5061. 
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Two other useful topologies that may be used are the For- 
ward and the Flyback as shown in Figure 40 and Figure 41. 
As shown, they may either be operated as an isolated or 
non-isolated converter. 
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FIGURE 39C. QUADRATIC CONVERTER 


FIGURE 39. THREE OTHER TOPOLOGIES FIGURE 41. FORWARD CONVERTER 
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Both the SEPIC and the Boost topologies may be operated 
at high voltages with the addition of a high voltage cascode . 
Figure 42 shows the Cascode SEPIC converter that is 
essentially limited by the selection of the external power 
transistor. The burden of voltage, and power is placed upon 
the external transistor. The HIP5061 still performs the drain 
current sampling and the control function is the same as the 
non cascode configuration. 


GATE DRIVER 
AND CONTROL 
CIRCUITRY 


FIGURE 42. OFF LINE CASCODE SEPIC 


Figure 43 shows the voltage transfer as a function of duty 
cycle for the power supply topologies discussed. 
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FIGURE 43. VOLTAGE TRANSFER AS A FUNCTION OF DUTY 
CYCLE FOR VARIOUS TOPOLOGIES 
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DD HARRIS HIP5062 


Power Control IC 
April 1994 Single Chip Dual Switching Power Supply 


Features Description 


Two Current Mode Control Regulators The HIP5062 is a complete power control IC, incorporating two high 

. power DMOS transistors, CMOS logic and two low level analog control 
Te GDY, 3A OI-CMp DMS ianeratorg circuits on the same Intelligent Power IC. Both the standard “Boost” and 
Thermal Protection the “SEPIC” (Single-Ended Primary Inductance Converter) power supply 


topologies are easily implemented with this single control IC. 
Over-Voltage Protection 


; Special power transistor current sensing Circuitry is incorporated that 

Over-Current Protection minimizes losses due to the monitoring circuitry. Moreover, over-temper- 

1MHz Operation or External Clock ature and over-voltage detection circuitry is incorporated within the IC to 

monitor the chip temperature and the actual power supply output voltage. 

Synchronization Output These circuits can disable the drive to the power transistor to protect 
On-Chip Reference Voltage - 5.1V both the transistor and, most importantly, the load from over-voltage. 


Output Rise and Fall Times ~ 3ns As a result of the power DMOS transistor’s current and voltage capability 
(5A and 60V), multiple output power supplies with total output power 
Designed for 26V to 42V Operation capability up to 100W are possible. 


Applications . : 
PP Ordering Information 
e Single Chip Power Supplies 


» Current Mode PWM Applications PARTNUMBER | TEMPERATURERANGE | PACKAGE | 
te) ce) . 

¢ Distributed Power Supplies aniissisaanalel O°C to +85°C 40 Pad Chip 
te) fe) 

¢ Multiple Output Converters HIPSO62DW 0°C to +85°C 


Chip 
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V+ (40) : — I) FT |! || (8) Vopp2 
TMON (39) | I} | ——\y1—F 4] || (9) voMP2 
IRFI2 (38) 3 =| —— 5 AIL] || (10) PsoK 
IRFO2 (37) — Z "1 FC] || (11) vRece 
VINP (36) =< iy aL} || (12) FLTN 
AGND (35) meen |itet J 


a 


(19) VREG1 
(20) Vopp1 


175 mils x 175 mils (4.44mm x 4.44mm) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3208.1 
Copyright © Harris Corporation 1994 7-73 
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Specifications HIP5062 


Absolute Maximum Ratings Thermal Information 

DC Supply Voliage, Vtiesccecsenassncsenonsouns -0.3V to42V Thermal Resistance Bic 
DMOS Drain Voltage éscvisxctsevscvestwsneawes -0.3V to 60V (Solder Mounted 10 .ccsaxccrsgncsesaecan suas 3°C/W Max 
CMOS Dra CUO co ke peewee cakes Hdd adedeas sane cues 10A 0.050” Thick Copper Heat Sink) 

NG LOG BOP. «cv vaccvis dau cced cima sae owned -0.3V to 16V. Maximum Junction Temperature. .............00 eee eee +110°C 
Output Voltage, Logic Outputs................... -0.3V to 16V (Controlled By Thermal Shutdown Circuit) 

Input Voltage, Analog and Logic.................. -0.3V to 16V 

Operating Junction Temperature Range........... 0°C to +110°C 

Storage Temperature Range ..............66. -55°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 36V, Channels 1 and 2, T, = 0°C to +110°C; Unless Otherwise Specified 


SYMBOL PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 
DEVICE PARAMETERS 
Ver Internal Regulator Output V+ = 30V to 42V, Igy = OMA pr f= | 18 | ov 
Voltage 
V+=90V1042V, loyr=3omA | 118 | - | 133 | Vv | 


VINP Reference Voltage VDDA = SLRN = 12V, lyiyp = OMA | 5.01 
Fiyius VINP Resistance VINP = 0 — 


ERROR AMPLIFIERS 


I Vio | Input Offset Voltage lvomp = OMA 
(REG - VINP) 


Rin VREG Input Resistance to GND VREG = 5.1V 


Om (WREG) VREG Transconductance VCMP = 1V to 8V, SFST = 11V 
(lyomp/(VREG - VINP) 


< 


< 


Om (SFST) SFST Transconductance Voest < 4.9V 
lvomp/(VREG - SFST) 
lvomp Maximum Source Current VREG = 4.95V, VCMP = 8V 
Maximum Sink Current VREG = 5.25V, VCMP = 0.4V 0.75 


OVTH Over-Voltage Threshold Voltage at VREG for FLTN to be ial 
latched 


CLOCK 
Internal Clock Frequency XCKS = 12V, Vopp = 12V 


Vr CKIN External Clock Input Threshold %*V ppp 
Voltages 


DMOS TRANSISTORS 


DS(on) Drain-Source On-State | Drain = 2.5A, Vopp = 11V, 
Resistance Ty = +25°C ’ 
Drain-Source Leakage Current Drain to Source Voltage = 60V poe fa t00 fA 


CURRENT CONTROLED PWM 
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Specifications HIP5062 


Electrical Specifications V+ = 36V, Channels 1 and 2, T, = 0°C to +110°C; Unless Otherwise Specified (Continued) 


IViol VCMP_ | Buffer Offset Voltage (VCOMP - | IFRO =OmA to -5mA, 
VCMP2 = 0.2V to 7.6V 


Vr IFRO Voltage at IRFO that disables 
PWM. This is due to low load 


current 


Ity IFRO Voltage at IRFO to enable SHRT 


output current. This is due to 
Regulator Over Current Condi- 
tions 


ISHRT SHRT Output Current, During Virnro = 7.7V -75 pA 
Over-Current 
Vy SHRT Threshold voltage on SHRT to Vopp = 11V V 
set FLTN latch 


pip IRFI | IRFI Resistance toGND | to GND FIRFIResistancetoGND =| Im =2MA = Pie =2MA 


Current Comparator Response Al (DMOSpprain)/At > 1A/ps 
Time (Note 1) 
MCPW Minimum Controllable Pulse 
Width (Note 1) 
MCPI Minimum Controllable DMOS mA 
Peak Current (Note 1) 


START-UP 


V+ Rising V+ Power-On Reset V 
Voltage 
Falling V+ Power-Off Set 15 V 
Voltage 


Ws Power-On Hystaesi RES 50 OM BE 


Vry PSEN Voltage at PSEN to Enable Vopp = 11V 
Supply 
Internal Pull-Up Resistance, to 
Vopp 


Isest Soft-Start Charging Current Vsgst = OV to 11V oe 


PSOK High-State Leakage SFST = 11V, PSOK = 12V 1 pA 
Current 


THERMAL MONITOR 


TEMP Substrate Temperature for TMON = OV "6 
Thermal Monitor to Trip (Note 1) 


NOTE: 
1. Determined by design, not a measured parameter. 
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Pin Descriptions 


PAD NUMBER DESIGNATION DESCRIPTION 
a ae Source pads for the channel 2 regulator. 
2,356 | oz Drain pads for the channel 2 regulator. 


pp This pad is the power input for the channel 2 DMOS gate driver and also is used to decouple the 


high current pulses to the output driver transistors. The decoupling capacitor should be at least 
VCMP2 


a 0.1pF chip capacitor placed close to this pad and the DMOS source pads. 


Output of the second channel transconductance amplifier. This node is used for both gain and 
frequency compensation of the loop. 
This pad provides delayed positive indication when both supplies are enabled. 


VREG2 Input to the transconductance error amplifier. The other common input for both amplifiers is 
VINP, Pad 36. 
a ia This is an open drain output that remains low when V+ is too low for proper operation. This node 
L | This terminal is provided to activate the converter. When the input is low, the DMOS drivers are 


and PSEN are useful in multiple converter configurations. This pad will be latched low when over- 
temperature, over-voltage or over-current is experienced. V+ must be powered down to reset. 
= disabled. There is an internal 12K pull-up resistor on this terminal. 
SHRT 50p/A is internally applied to this node when there is an over-current condition. 
SLRN Control input to internal regulator that is used during the “start-up” of the supply. In normal oper- 
ation this terminal starts at OV and shuts down the internal regulator at approximately 9V. This 
pad is usually connected to SFST, pad 16. 
SFST Controls the rate of rise of both output voltages. Time is determined by an internal 1A current 
source and an external capacitor. 
Voltage input for the chip’s digital circuits. This pad also allows decoupling of this supply. 
of 
_ 
This pad is the power input for the channel 1 DMOS gate driver and also is used to decouple the 
high current pulses to the output driver transistors. The decoupling capacitor should be at least 


This is the analog supply and internal 12V regulator output usually used only during the start-up 
sequence. The internal regulator reduced to a nominal 9.2V when SLRN is returned to 12V. Out- 
put current capability is 30mA at both voltages. 


Input to channel one transconductance error amplifier. The other, common input for both ampli- 
fiers is VINP, pad 36. 


Voop1 
a 0.1pF chip capacitor placed close to this pad and the DMOS source pads. 


22, 23, 25, 26 Drain pads for the channel 1 regulator. 
21, 24, 27 Source pads for the channel 1 regulator. 
CN 


a Wl Input to transconductance amplifier buffer for channel 1 only. Normally connected to VCMP1, 
pad 29. 


VCMP1 Output of the first channel transconductance amplifier. This node is used for both gain and fre- 
quency compensation of the loop. 


IRFO1 A resistor placed between this pad and IRFI1 converts the VCMP1 signal to a current for the cur- 
rent sense comparator. The maximum current is set by the value of the resistor, according to the 
equation: Ipeax = 16/R. Where R is the value of the external resistor in KQ and must be greater 


than 1.5KQ but less than 10KQ. For example, if the resistor chosen is 1.8K, the peak current will 
be 8.8A. This assumes VCMP1 is 7.3V. Maximum output current should be kept below 10A. 
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HIP5062 


Pin Descriptions (continued) 


PAD NUMBER DESIGNATION DESCRIPTION 
IRFI1 See IRFO1. 
Clock input when XCKS is grounded. 


Grounding this terminal provides for the application of an external clock to CKIN input terminal. 
For normal internal clock operation, this terminal may be left floating or returned to 12V. There 
is an internal 30K pull-up resistor on this terminal. 


Ground of the DMOS gate drivers. This pad is used for bypassing. 
p86 internal 5.1V reference. This point is usually bypassed. 


A resistor placed between this pad and IRFI2 converts the VCMP2 signal to a current for the cur- 
rent sense comparator. The maximum current set by the value of the resistor, according to the 

equation: Ipeax = 16/R. Where R is the value of the external resistor in KQ and must be greater 
than 1.5KQ but less than 10KQ. For example, if the resistor chosen is 1.8K, the peak current will 
be 8.8A. This assumes VCMP2 is 7.3V. Maximum output current should be kept below 10A. 


See IRFO2. 


This is the thermal shut down pad than can be used to disable the thermal shutdown circuit. By 
returning this pad to Vppa or 12V the function is disabled. Returning this pad to ground will put 

the IC into the thermal shutdown state. Thermal shutdown occurs at a nominal junction temper- 
ature or +120°C. This terminal is normally returned to ground. 


V+ This is the main supply voltage input pad to the regulator IC. Because of the high peak currents 
this pad must be well bypassed with at least a 0.1j.F capacitor. 
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Functional Block Diagram 
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Pomp HIP5063 


Power Control IC 
Single Chip Power Supply 


April 1994 


Features Description 


Single Chip Current Mode Control IC The HIP5063 is a complete power control IC, incorporating 
. : both the high power DMOS transistor, CMOS logic and low 
My TOR SGI Atte TTSnSIatOr level analog circuitry on the same Intelligent Power IC. 


Theimal Pesiseuen This IC allows the user maximum flexibility in implementing 


1MHz Operation - External Clock high frequency current controlled power supplies and other 


power sources. 

Output Rise and Fall Times ~ 3ns 
. Special power transistor current sensing circuitry is incorpo- 
Simple Implementation of High-Speed Current Mode  ;ateq that minimizes losses due to the monitoring circuitry. 


Controlled Regulators and Power Amplifiers Over-temperature detection circuitry is incorporated within 


Designed for 10V to 45V Operation the IC to monitor the chip temperature. 


As a result of the power DMOS transistor’s current and volt- 
age capability (10A and 60V), power supplies with output 
power capability up to 100 watts are possible. 


Applications 
¢ Single Chip Power Supplies 


e Current Mode PWM Applications : 7 
e Ordering Information 


¢ Multiple Output Converters PART NUMBER | TEMPERATURE RANGE PACKAGE 
e Wideband Power Amplifiers for Motor HIPSO63DY 0°C to +85°C 21 Pad Chip 
ante HIP5063DW 0°C to +85°C 


Chip 


¢ Distributed Power Supplies 


- - -_ -_- -_ 
@o wo w z o 
ho ha a how ha 
— — — — — 


- 
o 
N 
— 
i) 


a Q ” ie) ” 


NOTE: Unused pads are for trim and test. 
122 mils x 126 mils (3.1mm x 3.2mm) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3209 1 
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HIP5063 


Simplified Block Diagram 
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{MHz CONTROL GATE 0.1pF 33yF 
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THERMAL = 
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COOL c = s 1V 


AGND DGND 


TYPICAL SEPIC APPLICATION CONFIGURATION 


Functional Block Diagram 
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EXTERNAL CURRENT SCALING RESISTOR 
lpEak(DMOS DRAIN CURRENT) = 4500 x Iper (mA) 
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Specifications HIP5063 


Absolute Maximum Ratings Thermal Information 

DMS OF VORAGG .. cn eset encenaws sanead sd meme -0.3V to60V Thermal Resistance Bic 
DAIS CNAN GIES cacnceanetdeevndeanesausedunemis 20A (Solder Mounted to ......... cee eee eee eens 3°C/W Max 
DG Logie Supply: cs cscaccageacevecstaveaseens -0.3V to 16V 0.050” Thick Copper Heat Sink) 

Output Voltage, Logic Outputs ................... -~0.3V to 16V Maximum Junction Temperature................00008e +110°C 
Input Voltage, Analog and Logic.................. -0.3V to 16V (Controlled By Thermal Shutdown Circuit) 

Operating Junction Temperature Range........... 0°C to +110°C 

Storage Temperature Range ................. -55°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vpp, = Vppp = Vppp = 12V, Ty = 0°C to +110°C; Unless Otherwise Specified 


SN 


vaweseavry | 
VCMP (VCMP - Vipro) VCMP = 0.2V to 7.6V 
re 


tas Current Comparator Response Al (DMOSpprain)/At > 1A/ms 
Time (Note 1) 
MCPW Minimum Controllable Pulse 
Width (Note 1) 
MCPI Minimum Controllable DMOS 
Peak Current (Note 1) 


Vry FLLN FLLN Input Threshold Voltage 
FLLN Pull-Up Current VFLLN = 0V 


THERMAL MONITOR 


TEMP Substrate Temperature for TMON pin open 
Thermal Monitor to Trip (Note 1) 
lLeak COOL | COOL Leakage Current Vooot = 12V 
VcooL COOL Low-State Voltage lcoot = 2mMA, Ty > +125°C 


NOTE: 
1. Determined by design, not a measured parameter. 


> 
8 
foe] 
So 
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HIP5063 


Pin Descriptions 
PAD NUMBER DESIGNATION DESCRIPTION 
this terminal. The buffer output is the IRFO terminal. The external error amplifier may be either 
an operational amplifier or a transconductance amplifier like the CA3080. This node may be used 
This is the analog supply input. An external 12V supply is required. 

——— Voltage input for the chip’s digital circuits. 

the terminal to be floated or be left open. With FLLN high, (open or tied to Vopp), the ON cycle 
will start wiith the falling edge of the CLCK input. With FLLN low or grounded, the DMOS ON 


VCMP This is the input terminal from an external error amplifier. A MOS input voltage follower buffers 
for both gain and frequency compensation of the control loop. 
One pad of two clocking terminals. This terminal has an external 50yA pull-up current that allows 
cycle will start on the rising edge of the CLCK input. 


The other clock input pad. An external clock is applied to this terminal. This terminal has no pull- 
up current or resistance. See FLLN above for phasing information. 


Over-temperature indication is provided at this pad. When the chip temperature is below the ther- 
mal threshold, the open drain DMOS transistor is in the high impedance state. When the thermal 
threshold is exceeded, COOL is held low. 


This is the thermal shut down pad than can be used to disable the thermal shutdown circuit. By 
returning this pad to Vpp, or 12V the function is disabled. Returning this pad to ground will enable 
the thermal monitor function. Thermal threshold occurs at a nominal junction temperature of 

+125°C. 


A resistor placed between this pad and IRFI converts the VCMP signal to a reference current for 
the current sense comparator. The cycle by cycle peak current is set by the value to this resistor 
according the the equation: Ipe,x = 4500 x VCMP/R. Where Ipeax is in amperes and R is the 
value of the external resistor in ohms. A maximum VCMP of 8V and a resistor of 1800 will keep 
the drain current below the absolute maximum specification of 20A. 


See IRFO. 
AGND Analog ground. 
DGND Digital ground. 


These pads are used to decouple the high current pulses to the output driver transistors. The 
capacitor should be at least a 0.1,.F chip capacitor placed close to this pad and the DMOS 
source pads. 


Source pads of the DMOS power transistor. 
Drain pads of the DMOS power transistor. 
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HARRIS 


SEMICONDUCTOR 


4 


April 1994 


Features 
500V Maximum Rating 
2A Peak Gate Drive 


Ability to Interface and Drive N-Channel Power 
Devices With Complimentary Outputs For Buffered 
FETs 


Fault Output, Overcurrent Detection and Undervoltage 
Holdoff 


Over 600kHz Sawtooth Oscillator Frequency 
Adjustable Deadtime Control 

Soft-Start Capability 

Low Current Standby State 

Sleep Mode Reduces Bias Current When Not Enabled 


Applications 
¢ Switching and Distributed Power Supplies 
e Electronic Lighting Supplies 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
HIPS55001P -40°C to +85°C 20 Lead Plastic DIP 


HIP55001B -40°C to +85°C 20 Lead Plastic 
SOIC (W) 


Pinout 


HIP5500 


High Voltage IC 
Half Bridge Gate Driver 


Description 


The HIP5500, a high voltage integrated circuit (HVIC) half- 
bridge gate driver for standard power MOSFETs, IGBTs, and 
the new Harris Buffered MOSFET (RFV10N50BE), can be 
employed in a wide variety of switching regulator circuits. 


The HIP5500 combines the functionality and flexibility of a 
PWM IC with the convenience of a high voltage half-bridge 
driver optimized for power supply inverters. It can be used 
either open-loop or in closed-loop fashion using the SS input 
for controlling the output waveform duty-cycle. 


The HIP5500 incorporates a precision oscillator, adjustable 
using an external resistor and capacitor. The resistor sets 
the capacitor charging current and the capacitor sets the 
integration time of a triangle wave. Another resistor con- 
nected to the DIS pin adjusts the dead-time and can be tai- 
lored to the application. The oscillator switches at twice the 
output waveform fundamental frequency. The result is an 
output waveform whose positive and negative half-cycles are 
near perfect balance (volt-second equalization). 


Short-Detect (SD) and Soft-Start (SS) inputs provide alter- 
native means for limiting and regulating respectively the 
half-bridge output voltage. A capacitor on the SS input will 
begin charging up once the EN input is made high and 
causes the duty cycle of each half-cycle to “ramp” the duty 
cycle of the output waveform. 


The SD input can sense a signal proportional to current, pro- 
viding a means of shortening the conduction periods below 
that imposed by the SS input. 


Other circuits within the HIP5500 “match” upper and lower 
turn-on and turn-off propagation times in order to minimize 
flux imbalances when driving output transformer loads. 


HIP5500 (PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 


HIP5500 


Typical Application Block Diagram 
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Functional Block Diagram 
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Specifications HIP5500 


Absolute Maximum Ratings 


Offset Supply Voltage, Vg....... cee eee eee eee -Vas to +500V 
Floating Supply Voltage (Vg to Vs).........-..06- -0.3V to +18V 
High Side Channel Output Voltage, Vio, Vano - - -Vs-0.5 to Vg+0.5 
Fixed Supply Voltage, Veg... 2... eee eee ee ee eens -0.5V to +18V 
Low Side Channel Output Voltage........... -0.5V to Voc +0.5V 
All Other Pin Voltages 

(SD, Ry, Cy, DIS, SS, EN and FLT)......... -0.5V to Veco +0.5V 
Storage Temperature Range ................. -40°C to +150°C 
JUNCTION TEMPOPGING. .osc cess cewcvensanseses sewers +125°C 
Lead Temperature (Soldering 10s)...............0000- +300°C 

(SOIC - Lead Tips Only) 
Offset Supply Maximum dv/dt, dVs/dt .......... cece eee 50V/ns 
ESD ClSSIGRION ice cvccacascnsarsdbewnenduennnne Class 1 


Thermal Information 


Thermal Resistance Oya 
Plastic DIP PACKAGG <¢ vscccvsttcevetnevaaveanus 
Plastic SOIC PACKAQG. css csv ieee taasasnivcans 
See Maximum Power Dissipation vs Temperature Curve Figure 21 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions (T, = -40°C to +125°C Unless Otherwise Noted, All Voltages Referenced to Vss) 


Offset Supply Voltage, Vg.... 2.2... eee eee ees -2.0V to +500V 
Floating Supply Voltage, Ves (Vg to Vs)..........- +10V to +15V 
High Side Channel Output Voltage, Vio, VNHo -------- OV to Ves 
Fixed Supply Voltage, Voc... 2. ee eee cece eee eee +10V to +15V 
Low Side Channel Output Voltage, Vio,Vnto «+--+ + eee: OV to Veco 


All Other Pin Voltages (SD, Ry, C7, DIS, SS, FLT and EN). . .0V to Voc 


Discharge Tine CONGIAN 6600s des ccas dase x sddns a 100ns Min 
Discharge Resistor Range, Rois... ...- 2. -e eee 100kQ to 50kQ 
Charging Resistor Range, Rr...........-.eeeee 6.8kQ to 400kQ 
Oscillator Capacitor Range, Cr................. 100pF to 0.1pF 
Oscillator Frequency Range ...............eeeeee 300kHz Max 
Oscillator Capacitor Charge Current Range, Ip,...... 21pA to 5mA 


Electrical Specifications Voc = Vag = +15V, Vs = GND = OV, Unless Otherwise Specified 


SYMBOL 


PARAMETER 


Quiescent Voc Current 


= 


C+/Ry Current Ratio 


Soft-Start VTHRESH: Low to High 


Istay 


VEN-HYS 
VUVHL 
VuviH 

VuvHys 
VTHsD 


IcTRAT IR, = 100pA, 


lout+ 


louT- 


V;SSHL_ | C;=7.5V 


a 
(2) 
Q 
re) 


TEST CONDITIONS 


NERA 
aa 
een 


Voc/3 < Ver < 7/3Vec 


Sourcing, LO, HO = GND 
Sinking, LO, HO Voc Ves 


HO = 


lbur + Sourcing, [6, HO = Vss 


H 


Sinking, [6, HO Voc Ves 


T, =-40°C 
TO +125°C 


Ty = +25°C 


UNITS 


2 
> 


> 


m1 


B= 


3 3 = 
</3}et>f>] = ]<f<]<t<]<f<fe]3 fe ses 


ol oS 


© © —_ pS ~“j 


N | N 
orn 


Oo 
ioe) 


0 


= 
> 


—_ J 
| N 
So Oo 


7.5 7.8 


_ = idl Me eg 
~ ° a] a rN 
° b 
o>) 
a & 


7-86 


Specifications HIP5500 


Electrical Specifications Voc = Vps = +15V, Vs = GND = OV, Unless Otherwise Specified (Continued) 
Ty = -40°C 
Ty = +25°C TO +125°C 


PARAMETER SYMBOL TEST CONDITIONS Simin | TYP | MAX | MIN | MAX | UNITS 


cocrwamermoma | wom [owos _fso[sefer[w for] v 


soma P= Pee IS el 
Threshold Difference 

[ose our row sig | O8Rat [owonnaom fs faapefe| 7] a 
[esc ooTReonsonsy | oso [oearsim [| #|@]e|@] oe 
[osounionrairee | Anos [tweviom [= | ve[ | - [aw] a 
[Rrowwacrrecsene | Rat [mom [fm fan [ole] a 


Dynamic Electrical Specifications Vcc = Vas = +15V, GND = OV, Unless Otherwise Specified 


T, =-40°C 
Ty = +25°C TO +125°C 
PARAMETER SYMBOL UNITS 


resrconomons | ww | Tv | wax] mn | wax 
Teronneermeron | _m farm {-|-[@{-|-|«_ 
a 
Ee OC 
Turn-Off Fall Time, HO, CO 35. | 


Fall to LO/HO Rise TpCTLH | C;=V;CTHL 
LO/HO LOAD = 200pF 


Cr 
Cy Rise to LO/HO Fall TpCTHL | Cy=V;CTLH 
LO/HO LOAD = 200pF 
| Asa | 


LO-HO Prop Delay Mismatch TpCTLH and TpCTHL 
C+ Rise to DIS Fall TpCTDISHL | Cy =V7CTHL 


>. es 
N N 
o on 


Minimum Dead Time | tor 
Short Detect Propagation Delay SD = Vrysp, LO/HO = 200pF 


Cy Fall to DIS Rise TpCTDISLH | Cy =V;7CTLH 
Soft-Start Propagation Delay tsspLy SS = V7SSLH, LO/HO = 
Time 200pF 


on on ao 


N 
oa 
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HIP5500 


Typical Performance Curves Ali Curves are Voc = +15V, Ta = +25°C, Unless Otherwise Specified 
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FIGURE 1. OFFSET SUPPLY LEAKAGE CURRENT vs 
TEMPERATURE AT 300VDC 
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FIGURE 3. QUIESCENT FLOATING BIAS SUPPLY CURRENT 
vs TEMPERATURE AND Vgg SUPPLY VOLTAGE 
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FIGURES. ENABLE/DISABLE THRESHOLD (PERCENT Vcc) vs 
TEMPERATURE AND Vcc SUPPLY VOLTAGE 
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FIGURE 2. QUIESCENT Vcc CURRENT vs TEMPERATURE 
AND Vcc SUPPLY VOLTAGE 
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FIGURE 4. QUIESCENT STANDBY CURRENT vs 
TEMPERATURE AND Vcc SUPPLY VOLTAGE 
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FIGURE 6. ENABLE/DISABLE HYSTERESIS VOLTAGE 
TEMPERATURE AND Vcc SUPPLY VOLTAGE 
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HIP5500 


Typical Performance Curves Ali Curves are Vcc = +15V, Ts = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 7. SOFT-START CURRENT SOURCE CURRENT vs 
TEMPERATURE AND Vcc SUPPLY VOLTAGE 
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FIGURE 9. C; RAMP TRIGGER AND DISCHARGE VOLTAGE 
TRIP POINT vs TEMPERATURE AND Vcc SUPPLY 
VOLTAGE 
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FIGURE 8. FAULT_NOT LOW LEVEL OUTPUT VOLTAGE vs 


TEMPERATURE AND Vcc SUPPLY VOLTAGE, 


SINKING 5mA 


Cy TO Ry CURRENT RATIO 
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FIGURE 10. Cy TO Ry CURRENT SOURCE RATIO vs 
TEMPERATURE 
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FIGURE 11. SHUTDOWN THRESHOLD VOLTAGE (% OF Vc.) vs TEMPERATURE AND Vcc SUPPLY VOLTAGE 
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HIP5500 


Typical Performance Curves Aili Curves are Veg = +15V, Ts = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 12. BUFFER GATE OUTPUT SHORT CIRCUIT SINKING 
CURRENT vs TEMPERATURE AND Voc 
SUPPLY VOLTAGE 
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FIGURE 14. LOW-SIDE UNDERVOLTAGE THRESHOLD 
VOLTAGE (TRIP/RESET) vs TEMPERATURE 
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FIGURE 16. PROPAGATION DELAY, C; TO GATE OUTPUTS vs 
TEMPERATURE AT Vcc = +15V 
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FIGURE 13. BUFFER GATE OUTPUT SHORT CIRCUIT 
SOURCING CURRENT vs TEMPERATURE AND 


Vcc SUPPLY VOLTAGE 
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FIGURE 15. HIGH-SIDE UNDERVOLTAGE THRESHOLD 
VOLTAGE(TRIP/RESET) vs TEMPERATURE 
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FIGURE 17. PROPAGATION DELAY, C; TO DIS vs 
TEMPERATURE AT Veg = +15V 
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Typical Performance Curves AiliCurves are Voc = +15V, Ts = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 18. PROPAGATION DELAY, SS TOLO GATE RISING vs 
TEMPERATURE AT Vcc = +15V 
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FIGURE 20. PROPAGATION DELAY, Cy TO GATE OUT vs 
SUPPLY VOLTAGE, Vcc AT +25°C FOR 
RISING AND FALLING GATE OUTPUTS 
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FIGURE 22. HIGH VOLTAGE POWER DISSIPATION vs 
SWITCHING FREQUENCY 
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FIGURE 19. PROPAGATION DELAYS, SD TO LO GATE RISE/ 
FALL vs TEMPERATURE AT Vcc = +15V 
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FIGURE 21. MAXIMUM POWER DISSIPATION vs 
TEMPERATURE 
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FIGURE 23. LOW VOLTAGE POWER DISSIPATION vs 
FREQUENCY 
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FIGURE 24. EVALUATION BOARD SCHEMATIC 
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ae taewesr eee HIP5600 


Thermally Protected 
April 1994 High Voltage Linear Regulator 


Features Description 


Operates from 50VDC to 400VDC j= The HIPS600 is an adjustable 3-terminal positive linear 

VRMSt VRMS Lin ™ Voltage regulator capable of operating up to either 
Cpsraine sant's0 mires ohne 400VDC or 280VRMS. The output voltage is adjustable 
UL Recognized from 1.2VDC to within 50V of the peak input voltage 
Variable DC Output Voltage 1.2VDC to Vj, - 50V with two external resistors. This high voltage linear reg- 
Internal Thermal Shutdown Protection ulator is capable of sourcing 1mA to 30mA with proper 
sien _— heat sinking. The HIP5600 can also provide 40mA peak 


Internal Over Current Protection (typical) for short periods of time. 


Up to 40mA Peak Output Current Protection is provided by the on chip thermal shutdown 
Surge Rated to +650V; Meets IEEE/ANSI C62.41.1980 with and output current limiting circuitry. The HIP5600 has a 
Additional MOV unique advantage over other high voltage linear regula- 

: ; tors due to its ability to withstand input to output volt- 
Applications ages as high as 400V(peak), a condition that could exist 


* Switch Mode Power Supply Start-Up under output short circuit conditions. 
¢ Electronically Commutated Motor Housekeeping Supply Common linear regulator configurations can be 


implemented as well as AC/DC conversion and start-u 
e Power Supply for Simple Industrial/Commercial/Consumer sts for switch mode power supplies. ‘ 
Equipment Controls 


* Off-Line (Buck) Switch Mode Power Supply The HIP5600 requires a minimum output capacitor of 


10uF for stability of the output and may require a 0.02uF 


ae ra ‘ ; input decoupling capacitor depending on the source 

CAUTION: This product does not provide isolation from AC line. impedance. It also requires a minimum load current of 
sensei teiinstenananinsiatiietneieniaieniciatiinnmneme.  UIr.1e Neen GiIpUt VOAge feguration. 

Ordering Information All protection circuitry remains fully functional even if the 


PART NUMBER CASE TEMP. RANGE [PACKAGE _| adjustment terminal is disconnected. However, if this hap- 
pens the output voltage will approach the input voltage. 


HIP5600IS -40°C to +100°C 3 Lead Plastic SIP 
NOTE: Unless otherwise noted, information pertains to 
HIP56001B -40°C to +100°C 8 Lead Plastic SOIC the TO-220 package. 


Pinouts Functional Block Diagram 
HIP5600 (SIP) 


TOP VIEW RECTIFIERFOR| HIP5600 PASS SHORT-CIRCUIT 
TAB ELECTRICALLY _— AC OPERATION TRANSISTOR | | PROTECTION 


CONNECTED 


TO Vout O 


HIPS600 


THERMAL FEEDBACK 
SHUTDOWN OR CONTROL 
HIP5600 (SOIC) * 


TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3270 4 
Copyright © Harris Corporation 1994 7-94 


Specifications HIP5600 


Absolute Maximum Ratings Thermal Information 

Input to Output Voltage, Continuous............. +480V to-550V Thermal Resistance Bya Bjc 
Input to Output Voltage, Peak (Non Repetitive, 2ms)........ +650V Plastic SIP Package .............. 60°C/W 4°C/W 
JUNCION TOMPETEIUIG... 0 ces ccexeccesneecnnansensues +150°C Plastic SOIC Package............. 170°C/W - 

ADJ 16 Output, Voltage 10 ADS. sic cc cas vas wewatcacwa nes ons +5V Lead Temperature (Soldering 10s) .................... +265°C 
Storage Temperature Range ................. -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range............. 80VRMS to 280VRMS or Operating Temperature Range.......... -40°C to +100°C (Case) 
50VDC to 400VDC 


Electrical Specifications Conditions V,, = 400VDC, |, = 1mA, C, = 10pF, Vapy = 3.79V, Vout = 5V (Unless Otherwise Specified) 
Temperature = Case Temperature. 


es ee ce ce 
INPUT 

[renee Cd 
[exreoimavomm «drt [we | [ooo] 
REFERENCE 

es 


Line Regulation 50VDC to 400VDC | aac [| - | 9 14.5 pV/V 
VREF LINE REG 
raf = [2 [= [ow 


Load Regulation 
VREF LOAD REG 


PROTECTION CIRCUITS 


NOTES: 
1. Characterized not tested 
2. Bias current = input current with output pin floating. 


3. Vrer = Vout - Vaps 
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Schematic Diagram 


Vin 
Di D2 - 
“f+ — 
Q2 
D7 
Qi2 
Ty Sats 
a ° 
T Qe 
: : “| 
Qi4 
Q3 
. | | Je Cj " 
RS 
ADJ 
FIGURE 1. 
Application Information Vor = (1.18) x ala : Bes + 65pA(RE2) EO 118) 
Introduction 
In many electronic systems the components operate at 3V to 
15V but the system obtains power from a high voltage Error Budget 
source (AC or DC). When the current requirements are 
small, less than 10mA, a linear regulator may be the best T RF1+RF2 T A RF2 
supply provided that it is easy to design in, reliable, low cost 4 Your = 4 V REF(—G o>) +4! apsRF2 + lap sRF2—— 
and compact. The HIP5600 is similar to other 3 terminal reg- Reo. ARF2 ARF 


ulators but operates from much higher voltages. It protects 
its load from surges +250V above its 400V operating input 
voltage and has short circuit current limiting and thermal 
shutdown self protection features. 


Output Voltage 


The HIP5600 provides a temperature independent 1.18V 
reference, Va¢r, between the output and the adjustment ter- 
minal (Vper = Vout - Vapy). This constant reference voltage 
is impressed across RF1 (see Figure 2) and results in a con- 
stant current (I,) that flows through RF2 to ground. The volt- 
age across RF2 is the product of its resistance and the sum 
of 1, and lapy. The output voltage is given in equations 1(A, B). 


RF1+RF2 


EQ 2(A) 


Vv la a 
*Vrer (Gry) (Rep 


RF1 
Where; 


—_ 
A Vaer =4 Vaer + VReFLoapreg (4 out) + Var TC (A Temp) 


EQ 2(B) 
A apy =A lang t IaDJLoapReg (4 'out) + !apyTe (A Temp) 


+lapyTe (8g) 4 Clout: Yin) 


Note: EQ 2(C) 


A RFx 
RFx 


= % tolerance of resistor x 
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Equations 2(A,B,C) are provided to determine the worst 
case output voltage in relation to; manufacturing tolerances 
(AVper and Alper),% tolerance in external resistors (ARF 1/ 
RF1, ARF2/RF2), load regulation (Vper Loap REG: 'ADJ LOAD 
REG), line regulation (VreF LINE REG) and the effects of tem- 
perature (VperTC, Ipe¢TC), which includes self heating 


(Osa). 


HIP5600 


TWerrwomy [AF [ RFE 
EC ECE 
[eo [re [16 


FIGURE 2. 


Example: Given: Vij = 200VDC, Vout = 15V, lout =2mA 
to 12MA, O54 = 10°C/W, RF1 = 1.1kQ 5% low, RF2 = 12kQ 
5% high, Aloyt equals 10mA and ATemp equals +60°C 
(ambient temperature +25°C to +85°C). The worst case 
AVout for the given conditions is -1.13V. The shift in Vout is 
attributed to the following: -1.55V manufacturing tolerances, 
+1.33V external resistors, -0.62V load regulation and -0.29V 
temperature effects. 


Regulator With Zener 


HIP5600 


Vout = 1.18 + Vz 


FIGURE 3. 


The output voltage can be set by using a zener diode (Figure 
3) instead of the resistor divider shown in Figure 2. The 
zener diode improves the ripple rejection ratio and reduces 
the value of the worst case output voltage, as illustrated in 
the example to follow. The bias current of the zener diode is 
set by the value of RF1 and lapy. 


The regulator / zener diode becomes an attractive solution if 
ripple rejection or the worst case tolerance of the output volt- 
age is Critical (i.e. one zener diode cost less than one 10yF 


capacitor (C3) and one 1/4W resistor RF2). Minimum power 
dissipation is possible by reducing |, current, with little effect 
on the output voltage regulation. The output voltage is given 
in Equation 3. 


Vv =V 


out = ‘rer? Yz EQ (3) 


Error Budget 


A Voyt = A Vince tA v5 EQ 4(A) 


T = 
A V'pep =A Wate? Veer mercies (A lou) + Voce TC (A Temp) 


+VperTC (06) A (lout: Vin) + VneruieRee EQ 4(B) 


A via = Vztolerance (Vz) +VzTC (A Temp) EQ 4(C) 
Equations 4(A,B,C) are provided to determine the worst 
case output voltage in relation to; manufacturing tolerances 
of HIP5600 and the zener diode (AVper and AV;), load regu- 
lation of the HIP5600 (VreF LOAD REG): and the effects of 
temperature on the HIP5600 and the zener diode (Vp¢r TC, 
VzTC). 


Example: Given: VIN = 200V, Vout = 14.18V (VReF = 
1.18V, Vz = 13V), AVz = 5%, VzTC = +0.079%/°C (assumes 
1N5243BPH), Aloyr equal 10mA and ATemp equal +60°C. 
The worst case AVoyt is 0.4956V. The shift in Voyr is attrib- 
uted to the following: -0.2 (HIP5600) and 0.69 (zener diode). 


The regulator/zener diode configuration gives a 3.5% (0.49/ 
14.18) worst case output voltage error where, for the same 
conditions, the regulator/resistor configuration results in an 
7.5% (1.129/15) worst case output voltage error. 


External Capacitors 


A minimum10uF output capacitor (C2) is required for stabil- 
ity of the output stage. Any increase of the load capacitance 
greater than 10uF will merely improve the loop stability and 
output impedance. 


A 0.02uF input decoupling capacitor (C1) between V\y, and 
ground may be required if the power source impedance is 
not sufficiently low for the 1MHz - 10MHz band. Without this 
capacitor, the HIP5600 can oscillate at 2.5MHz when driven 
by a power source with a high impedance for the 1MHz - 
10MHz band. 


An optional bypass capacitor (C3) from Vapy to ground 
improves the ripple rejection by preventing the ripple at the 
Adjust pin from being amplified. Bypass capacitors larger 
than 10uF do not appreciably improve the ripple rejection of 
the part (see Figure 21 through Figure 26). 


Load Regulation 


For improved load regulation, resistor RF1 (connected 
between the adjustment terminal and Voyr) should be tied 
directly to the output of the regulator (Figure 4A) rather than 
near the load Figure 4B. This eliminates line drops (Rg) from 
appearing effectively in series with RF1 and degrading regu- 
lation. For example, a 15V regulator with a 0.05Q resistance 
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between the regulator and the load will have a load regula- 
tion due to line resistance of 0.052 x Al,. If RF1 is connected 
near the load the effective load regulation will be 11.9 times 
worse (1+R2/R1, where R2 = 12k, R1 = 1.1k). 


HIP5600 HIP5600 


Vout 


(A) (B) 
FIGURE 4. 
Protection Diodes 


The HIP5600, unlike other voltage regulators, is internally 
protected by input diodes in the event the input becomes 
shorted to ground. Therefore, no external protection diode is 
required between the input pin and the output pin to protect 
against the output capacitor (C2) discharging through the 
input to ground. 


If the output is shorted in the absence of D1 (Figure 5), the 
bypass capacitor voltage (C3) could exceed the absolute 
maximum voltage rating of +5V between Voy7 and Viv. 
Note; No protection diode (D1) is needed for output voltages 
less than 6V or if C3 is not used. 


: Do VIN 
HIP5600 


C1 


I 0.02uF 


. + Vout 


D1 PROTECTS AGAINST C3 
DISCHARGING WHEN THE 
OUTPUT IS SHORTED. 


C2 
10pF 


FIGURE 5. REGULATOR WITH PROTECTION DIODE 
Selecting the Right Heat Sink 


Linear power supplies can dissipate a lot of power. This 
power or heat must be safely dissipated to permit continuous 
operation. This section will discuss thermal resistance and 
show how to calculate heat sink requirements. 


Electronic heat sinks are generally rated by their thermal 
resistance. Thermal resistance is defined as the temperature 
rise per unit of heat transfer or power dissipated, and is 


expressed in units of degrees centigrade per watt. For a par- 
ticular application determine the thermal resistance (@s,) 
which the heat sink must have in order to maintain a junction 
temperature below the thermal shut down limit (Tys). 


A thermal network that describes the heat flow from the inte- 
grated circuit to the ambient air is shown in Figure 6. The 
basic relation for thermal resistance from the IC surface, his- 
torically called “junction”, to ambient (6),) is given in Equa- 
tion 5. The thermal resistance of the heat sink (@s,) to 
maintain a desired junction temperature is calculated using 
Equation 6. 


PD 
Ty = JUNCTION 
Buc 
Tc = CASE 
8cs 
Ts = HEAT SINK 
Qs, _- HEAT SINK 
T, = AMBIENT AIR 
FIGURE 6. 
9. = WAC 
JA —~iP Ww EQ (5) 
Where: 
85a = %93c*%est8S5a and Ty = TT 
Toco’ 
TS A 
®54+ 867954 = —p— ~%e EQ (6) 
Where: 


84 = (Junction to Ambient Thermal Resistance) The sum of 
the thermal resistances of the heat flow path. 
8 ya = Bjc + O8¢s + Osa 
Ty = (Junction Temperature) The desired maximum junc- 
tion temperature of the part. Tj = Trs 


Trs = (Thermal Shutdown Temperature) The maximum 
junction temperature that is set by the thermal pro- 
tection circuitry of the HIP5600 
(min = +127°C, typ = +134°C and max = +142°C). 

8jc = (Junction to Case Thermal Resistance) Describes the 
thermal resistance from the IC surface to its case. 
Bic = 4.8°C/W 

8cs = (Case to Mounting Surface Thermal Resistance) The 
resistance of the mounting interface between the 


transistor case and the heat sink. 
For example, mica washer. 


8s, = (Mounting Surface to Ambient Thermal Resistance) 
The resistance of the heat sink to the ambient air. 
Varies with air flow. 


Ta = Ambient Temperature 


P = The power dissipated by the HIP5600 in watts. 
P = (Vin - Vout) (lout) 
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Worst case Qa is calculated using the minimum Trg of 
+127°C in Equation 6. 


Example, 

Given: Vy =400VDC Voyt = 15V loap = 15MA 
Bic =4.8°CIW Trg=+127°C laps = BONA 
Ta=+50°C = RF1=1.4k 
Vrer=1.18V P=6.2W = (Vin - Vour)(lin) 


— VREF | 
IN='ADJ+t RF1 *'LOAD 


Find: Proper heat sink to keep the junction temperature 
of the HIP5600 from exceeding Trg (+127°C). 


Solution: Use Equation 6, 
oe Trs7 Ta. : 
SA P JC EQ (7) 
127°C - 50°C ceics xo © 


The selection of a heat sink with Qc, less than +7.62°C/W 
would ensure that the junction temperature would not 
exceed the thermal shut down temperature (Ts) of +127°C. 
A Thermalloy P/N7023 at 6.2W power dissipation would 
meet this requirement with a Osa of +5.7°C/W. 


Operation Without A Heatsink 


The TO-220 package has a Oj, of +60°C/W. This allows 
0.7W power dissipation at +85°C in still air. Mounting the 
HIP5600 to a printed circuit board (see Figure 40 through 
Figure 42) decreases the thermal impedance sufficiently to 
allow about 1.6W of power dissipation at +85°C in still air. 


Thermal Transient Operation (TO-220 Package) 


For applications such as start-up, the HIP5600 in the TO-220 
package can operate at several watts -without a heat sink- 
for a period of time before going into thermal shutdown. 


Pp = tin (Vin - Your) 


Ty = JUNCTION 
DIE/PACKAGE INTERFACE 


Ts = HEAT SINK 
OR CASE 


T, = AMBIENT AIR 


lin + 0.5Cp 


FIGURE 7. THERMAL CAPACITANCE MODEL OF HIP5600 


Figure 7 shows the thermal capacitances of the TO-220 
package, the integrated circuit and the heat sink, if used. 


When power is initially applied, the mass of the package 
absorbs heat which limits the rate of temperature rise of the 
junction. With no heat sink Cg equals zero and 6s, equals the 
difference between 8), and 8jc. The following equations pre- 
dict the transient junction temperature and the time to thermal 
shutdown for ambient temperatures up to +85°C and power 
levels up to 8W. The output current limit temperature coeffi- 
cient (Figure 39) precludes continuous operation above 8W. 


-t 
T, (0) = Ty P+ 1-8 


EQ (9) 
Where: 
t=0,, (Cp+Cg) 
P(6,,+9.,) PY To 
- tin A 18 EQ (10) 


SA 


For the TO-220, Cp is 0.9Ws to 1.1Ws per degree compared 
to about 2.6mWs per degree for the integrated circuit and Cs 
is 0.9Ws per degree per gram for aluminum heat sinks. 


Figure 8 shows the time to thermal shutdown versus power 
dissipation for a part in +22°C still air and at various elevated 
ambient temperatures with a Og, of +27°C/W from forced air 
flow. 


For the shorter shutdown times, the Qs, value is not impor- 
tant but the thermal capacitances are. A more accurate 
equation for the transient silicon surface temperature can be 
derived from the model shown in Figure 7. Due to the distrib- 
uted nature of the package thermal capacitance, the second 
time constant is 1.7 times larger than expected. 


10 


res 
oO 
~ 


z 
; 
= 
5 
zx 
” 
Zz 400 
= 10 
rr 
pet) 
x 
= 
© 
Ww 
= 
= 


wk 
o 
-_ 


POWER DISSIPATION (W) 


FIGURE 8. TIME TO THERMAL SHUTDOWN vs POWER 
DISSIPATION (TO-220 PACKAGE ONLY) 
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Ty) = Tatly+TotTg (EQ. 11A) 


(EQ. 11B) 


12 
Ty#04PO 61 -e (EQ. 11C) 


Where: 


(0.50, +C.,)0.5C 
2n070,9( 6 2) 


Cpt+Cg 
-t 
__t3 


Where: 
73 =0.60 


(EQ. 11D) 
sc&p 
Thermal Transient Operation (SOIC Package) 


Equation (11A) can also be used for the SOIC package pro- 
vided the following substitutions are made. 


(EQ. 11E) 
= 
Ta @PS6,,| 1 ° 
as 
t 
T,=P0, t -e | (EQ. 11G) 
where 
8, = 160°C/W 11 =5.8s 
8, = 10°C/W t2 = 86ms 
6, = 2.9°C/W 3 = 7.5ms 


For example, with the SOIC package mounted on a PC 
board at +85°C in still air, the HIP5600 could dissipate 4W 
for ~70ms before going into thermal shutdown. 


For start-up applications a more useful parameter is the total 
charge delivered before thermal shutdown. 

(Trg -Ty) 
(EQ. 12) 


Cp is about 35mJ/C for the SOIC package and about 
1000mJ/°C for TO-220. 


For example: 

with Trs = = +127°C, Ta= =: +85°C 

= 400V and Cp = 35mJ/°C 
L = 3670nC 


which is enough to charge a 240uF capacitor to 15V. 


Thermal Shutdown Hysteresis 


Figure 9 shows the HIP5600 thermal hysteresis curve with 
Vin = 100VDC, Voyt = 5V and Ioyur = 10MA. Hysteresis is 
added to the thermal shutdown circuit to prevent oscillations 
as the junction temperature approaches the thermal shut- 
down limit. The thermal shutdown is reset when the input 
voltage is removed, goes negative (i.e. AC operation) or 
when the part cools down. 


| eens a oll 


REGION 


113.0 120 127 135 142 
CASE TEMPERATURE (°C) 


105.0 


FIGURE 9. THERMAL HYSTERESIS CURVE 


AC to DC Operation 


Since the HIP5600 has internal high voltage diodes in series 
with its input, it can be connected directly to an AC power 
line. This is an improvement over typical low current supplies 
constructed from a high voltage diode and voltage dropping 
resistor to bias a low voltage zener. The HIP5600 provides 
better line and load regulation, better efficiency and heat 
transfer. The latter because the TO-220 package permits 
easy heat sinking. 


The efficiency of either supply is approximately the DC 
output voltage divided by the RMS input voltage. The 
resistor value, in the typical low current supply, is chosen 
such that for maximum load at minimum line voltage there is 
some current flowing into the zener. This resistor value 
results in excess power dissipation for lighter loads or higher 
line voltages. 


Using the circuit in Figure 3 with a 1000yuF output capacitor 
the HIP5600 only takes as much current from the power line 
as the load requires. For light loads, the HIP5600 is even 
more efficient due to it’s interaction with the output capacitor. 
Immediately after the AC line goes positive, the HIP5600 
tries to replace all the charge drained by the load during the 
negative half cycle at a rate limited by the short circuit cur- 
rent limit (see “A1” and “B1” Figure 10). Since most of this 
charge is replaced before the input voltage reaches its RMS 
value, the power dissipation for this charge is lower than it 
would be if the charge were transferred at a uniform rate dur- 
ing the cycle. When the product of the input voltage and cur- 
rent is averaged over a cycle, the average power is less than 
if the input current were constant. Figure 11 shows the 
HIP5600 efficiency as a function of load current for 80VRMS 
and 132VRMS inputs for a 15.6V output. 
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FIGURE 11. EFFICIENCY AS A FUNCTION OF LOAD CURRENT 


Referring again to Figure 10, Curve “A1” shows the input 
current for a 10mA output load and curve “B1” with a 3mA 
output load. The input current spike just before the negative 
going zero crossing occurs while the input voltage is less 
than the minimum operating voltage but is so short it has no 
detrimental effect. The input current also includes the charg- 
ing current for the 0.02uF input decoupling capacitor C1. 


The maximum load current cannot be greater than 1/2 of the 
short circuit current because the HIP5600 only conducts over 
1/2 of the line cycle. The short circuit current limit (Figure 39) 
depends on the case temperature, which is a function of the 
power dissipation. Figure 39 for a case temperature of 
+100°C (i.e. no heat sink) indicates for AC operation the 
maximum available output current is 10mA (1/2 x 20mA). 
Operation from full wave rectified input will increase the 
maximum output current to 20mA for the same +100°C case 
temperature. 


As a reminder, since the HIP5600 is off during the negative 
half cycle, the output capacitor must be large enough to sup- 
ply the maximum load current during this time with some 
acceptable level of droop. Figure 10 also shows the output 
ripple voltage, for both a 10mA and 3mA output loads “A2” 
and “B2”, respectively. 


Do’s And Don’ts 


DC Operation 
1. Do not exceed the absolute maximum ratings. 


2. The HIP5600 requires a minimum output current of 1mA. 
Minimum output current includes current through RF1. 
Warning: If there is less than 1mA load current, the out- 
put voltage will rise. If the possibility of no load exists, 
RF1 should be sized to sink 1mA under these conditions. 


V 
REF  1.07V 


3. Do not “HOT” switch the input voltage without protecting 
the input voltage from exceeding +650V. Note: induc- 
tance from supplies and wires along with the 0.02uF 
decoupling capacitor can form an under damped tank cir- 
Cuit that could result in voltages which exceed the maxi- 
mum +t650V input voltage rating. Switch arcing can 
further aggravate the effects of the source inductance 
creating an over voltage condition. 


Recommendation: Adequate protection means (such 
as MOV, avalanche diode, surgector, etc.) may be 
needed to clamp transients to within the +650V input limit 
of the HIP5600. 


4. Do not operate the part with the input voltage below the 
minimum 50VDC recommended. Low voltage opera- 
tion: For input voltages between OVDC and +5VDC 
nothing happens (loy7=0), for input voltages between 
+5VDC and +35VDC there is not enough voltage for the 
pass transistor to operate properly and therefore a high 
frequency (2MHz) oscillation occurs. For input voltages 
+35VDC to +50VDC proper operation can occur with 
some parts. 


5. Warning: the output voltage will approach the input volt- 
age if the adjust pin is disconnected, resulting in perma- 
nent damage to the low voltage output capacitor. 


AC Operation 
1. Do not exceed the absolute maximum ratings. 


2. The HIP5600 requires a minimum output current of 
0.5mA. Minimum output current includes current through 
RF1. Warning: If there is less than 0.5mA output current, 
the output voltage will rise. If the possibility of no load 
exists, RF1 should be sized to sink 0.5mA under these 
conditions. 


3. If using a laboratory AC source (such as VARIACs or 
step-up transformers, etc.) be aware that they contain 
large inductances that can generate damaging high volt- 
age transients when they are switched on or off. 


Recommendations 


(1) Preset VARIAC output voltage before applying power 
to part. 

(2) Adequate protection means (such as MOV, ava- 
lanche diode, surgector, etc.) may be needed to clamp 
transients to within the t650V input limit of the HIP5600. 
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4. Do not operate the part with the input voltage below the 
minimum 50VRMS recommended. Low voltage opera- 
tion similar to DC operation (reference step 4 under 
DC operation). 


5. Warning: the output voltage will approach the input volt- 
age if the adjust pin is disconnected, resulting in perma- 
nent damage to the low voltage output capacitor. 


General Precautions 
instrumentation Effects 


Background: Input to output parasitic impedances exist in 
most test equipment power supplies. The inter-winding 
capacitance of the transformer may result in substantial cur- 
rent flow (mA) from the equipment power lines to the DC 
ground of the HIP5600. This “ground loop” current can result 
in erroneous measurements of the circuits performance and 
in some cases lead to overstress of the HIP5600. 


Recommendations for Evaluation of the HIP5600 
in the Lab 


a) The use of battery powered DVMs and scopes will elimi- 
nate ground loops. 


b) When connecting test equipment, locate grounds as 
close to circuit ground as possible. 


c) Input current measurements should be made with a non- 
contact current probe. 


If AC powered test equipment is used, then the use of an 
isolated plug is recommended. The isolated plug eliminates 
any voltage difference between earth ground and AC 
ground. However, even though the earth ground is discon- 
nected, ground loop currents can still flow through trans- 
former of the test equipment. Ground loops can be 
minimized by connecting the test equipment ground as 
close to the circuit ground as possible. 


CAUTION: Dangerous voltages may appear on exposed 
metal surfaces of AC powered test equipment. 


Application Circuits 


HIP5600 


+ 50VDC TO 400VDC BUS 


FIGURE 12. DC/DC CONVERTER 


The HIP5600 can be configured in most common DC linear 
regulator applications circuits with an input voltage between 
50VDC to 400VDC (above the output voltage) see Figure 12. 


A 10uF capacitor (C2) provides stabilization of the output 
stage. Heat sinking may be required depending upon the 
power dissipation. Normally, choose RF1 << Vper/lapy. 


HIP5600 


saa2a2aane2anwaawae 


SURGE 
PROTECTION 


NOTE 1. 200VRMS - 280VRMS 
Operation Only 
10yF 


FIGURE 13. AC/DC CONVERTER 


The HIP5600 can operate from an AC voltage between 
50VRMS to 280VRMS, see Figure 13. The combination of a 
1kQ (2W) input resistor and a V275LA10B MOV provides 
input surge protection up to 6kV 1.2 x 50us oscillating and 
pulse waveforms as defined in IEEE/ANSI C62.41.1980. 
When operating from 120VAC, a V130LA10B MOV provides 
protection without the 1kQ resistor. 


The output capacitor is larger for operation from AC than DC 
because the HIP5600 only conducts current during the posi- 
tive half cycle of the AC line. The efficiency is approximately 
equal to Vout /Vin (RMS), see Figure 11. 


The HIP5600 provides an efficient and economical solution 
as a Start-up supply for applications operating from either AC 
(SOVRMS to 280VRMS) or DC (50VDC to 400VDC). 

The HIP5600 has on chip thermal protection and output cur- 
rent limiting circuitry. These features eliminate the need for 
an in-line fuse and a large heat sink. 


HIP5600 


+ 50VDC TO 400VDC 
BUS 


© Vout 


FIGURE 14. START UP CIRCUIT 


The HIP5600 can provide up to 40mA for short periods of time 
to enable start up of a switch mode power supply’s control cir- 
cuit. The length of time that the HIP5600 will be on, prior to 
thermal shutdown, is a function of the power dissipation in the 
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part, the amount of heat sinking (if any) and the ambient tem- 
perature. For example; at 400VDC with no heat sink, it will 
provide 20mA for about 8s, see Figure 8. 


Power supply efficiency is improved by turning off the 
HIP5600 when the SMPS is up and running. In this applica- 
tion the output of the HIP5600 would be set via RF1 and RF2 
to be about 9V. The tickler winding would be adjusted to about 
12V to insure that the HIP5600 is kept off during normal oper- 
ating conditions.The input current under these conditions is 
approximately equal to Ipjas. (See Figure 28). 


The HIP5600 can supply a 450yA (+20%) constant current. 
(See Figure 15). It makes use of the internal bias network. 
See Figure 28 for bias current versus input voltage. 


With the addition of a potentiometer and a 10uF capacitor the 
HIP5600 will provide a constant current source. Ioyrz is given 
by Equation 13 in Figure 16. 


HIP5600 


+20VDC TO +400VDC 


NOTES: 
1. Vout Floating 
2. Fixed 500nA Current Source 


FIGURE 15. CONSTANT 450L.A CURRENT SOURCE 


HIP5600 


90VRMS TO 264VRMS 


2N4401 


The HIP5600 can be operated as a self-oscillating buck regu- 
lator for increased output currents and circuit efficiencies 
approaching 75%. The circuit shown (Figure 17) is capable of 
operating from either DC (S5OVDC to 400VDC) or AC 
(9QOVRMS to 264VRMS) and is optimized for a 24V 150mA 
output. The output voltage is set by RF1 and RF2 resistor val- 
ues and is slightly higher than the value predicted in Equation 
1A. The frequency of operation for the circuit is around 16kKHz. 


The circuit shown (Figure 18) is optimized for a 24V 250mA 
output with a SOVRMS to 1382VRMS input. Output short circuit 
protection is provided by adding a pnp transistor and a small 
0.22Q sense resistor. A snubber circuit was also added to 
reduce the power dissipation in the P-IGBT. The frequency of 
operation for the circuit is around 18kHz. 


HIPS600 


+50VDC TO +400VDC 


FIGURE 16. ADJUSTABLE CURRENT SOURCE 


-— P-IGBT 
HGTD8P50G1 


24VDC, 0.15A 


0.033,F 


FIGURE 17. HIGH CURRENT “BUCK” REGULATOR 
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HIP5600 


90VRMS TO 132VRMS = 


AC 
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FIGURE 18. HIGH CURRENT “BUCK” REGULATOR WITH OUTPUT SHORT CIRCUIT PROTECTION AND SNUBBER 


Typical Performance Curves 
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FIGURE 19. LOAD REGULATION vs TEMPERATURE FIGURE 20. LOAD REGULATION VS. TEMPERATURE 


RIPPLE REJECTION (dB) 
RIPPLE REJECTION (dB) 
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FIGURE 21. RIPPLE REJECTION RATIO (OUTPUT VOLTAGE) FIGURE 22. RIPPLE REJECTION RATIO (OUTPUT VOLTAGE) 
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Typical Performance Curves (Continued) 
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RIPPLE REJECTION (dB) 
RIPPLE REJECTION (dB) 
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FIGURE 23. RIPPLE REJECTION RATIO (INPUT FREQUENCY) FIGURE 24. RIPPLE REJECTION RATIO (INPUT FREQUENCY) 
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FIGURE 25. RIPPLE REJECTION RATIO (OUTPUT CURRENT) FIGURE 26. RIPPLE REJECTION RATIO (OUTPUT CURRENT) 
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OUTPUT IMPEDANCE (Q) 


10 100 1K 10K 100K 1M 50 100 200 300 400 
FREQUENCY (Hz) INPUT VOLTAGE (VDC) 
FIGURE 27. OUTPUT IMPEDANCE FIGURE 28. Ipias vs INPUT VOLTAGE 


7-105 


HIP5600 


Typical Performance Curves (Continued) 
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FIGURE 31. REFERENCE VOLTAGE vs TEMPERATURE 


REFERENCE VOLTAGE (V) 


INPUT VOLTAGE (VDC) 


FIGURE 33. REFERENCE VOLTAGE vs INPUT VOLTAGE 
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FIGURE 32. REFERENCE VOLTAGE vs TEMPERATURE 
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FIGURE 34. REFERENCE VOLTAGE vs Vw; 
CASE TEMPERATURE OF +25°C 
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Typical Performance Curves (Continued) 
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FIGURE 39. CURRENT LIMIT vs TEMPERATURE 
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Evaluation Boards 
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HIP5600 EVALUATION BOARD 
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FIGURE 40. EVALUATION BOARD (TOP) FIGURE 41. EVALUATION BOARD METAL MASK (BOTTOM) 
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HIP5600 EVALUATION BOARD 
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FIGURE 42. EVALUATION BOARD METAL MASK (TOP) 
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@ HARRIS ICL7660 


April 1994 CMOS Voltage Converter 

Features Description 

e Simple Conversion of +5V Logic Supply to +5V The Harris ICL7660 is a monolithic CMOS power supply 

Supplies circuit which offers unique performance advantages over 

. _ previously available devices. The ICL7660 performs supply 

Simple Voltage Multiplication (Vour = (-) nVin) voltage conversion from positive to negative for an input 

¢ Typical Open Circuit Voltage Conversion Efficiency range of +1.5V to +10.0V, resulting in complemetary output 

99.9% voltages of -1.5V to -10.0V. Only 2 non-critical external 

Capacitors are needed for the charge pump and charge 

* Typical Power Efficiency 98% reservoir functions. The ICL7660 can also be connected to 

¢ Wide Operating Voltage Range 1.5V to 10.0V function as a voltage doubler and will generate output 


voltages up to +18.6V with a +10V input. 
e Easy to Use - Requires Only 2 External Non-Critical 


Passive Components Contained on the chip are a series DC supply regulator, RC 


oscillator, voltage level translator, and four output power 
No External Diode Over Full Temperature and Voltage OS switches. A unique logic element senses the most 


Range negative voltage in the device and ensures that the output N- 

; . Channel switch source-substrate junctions are not forward 
Applications biased. This assures latchup free operation. 

¢ On Board Negative Supply for Dynamic RAMs The oscillator, when unloaded, oscillates at a nominal 


frequency of 10kHz for an input supply voltage of 5.0V. This 
* Localized Processor (8080 Type) Negative Supplies ~—trequency can be lowered by the addition of an external 


¢ Inexpensive Negative Supplies capacitor to the “OSC” terminal, or the oscillator may be 
overdriven by an external clock. 


The “LV” terminal may be tied to GROUND to bypass the 
internal series regulator and improve low voltage (LV) 


. p operation. At medium to high voltages (+3.5V to +10.0V), the 
Order Ing Information LV pin is left floating to prevent device latchup. 


L_earrwuuaen | "Rance | PACKAGE 
PART NUMBER RANGE 


NOTE: Add /883B to part number if 883B processing is required. 


¢ Data Acquisition Systems 


An enhanced direct replacement for this part, the ICL7660S, 
is now available and should be used for all new designs. 
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Pinouts 
ICL7660 (PDIP, SOIC) ICL7660 (CAN) 
TOP VIEW TOP VIEW 
V+ (AND CASE) 

NC | 1 8] V+ 

CAP+ | 2] osc 
GND [3] ré] Lv 

CAP- | 4| 51 Vout 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3072.1 
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Specifications ICL7660 


Absolute Maximum Ratings Thermal Information 
SUNY VONRGO ws cava ens Gee van eine eee dene ee ROS +10.5V Thermal Resistance Bya Bic 
LV and OSC Input Voltage...... -0.3V to (V+ +0.3V) for V+ < 5.5V Plastic DIP PaGKagG «sis ceccscacdues 150°C/W - 
(Note 1) (V+ -5.5V) to (V+ +0.3V) for V+ > 5.5V Plastic SOIC Package............... 170°C/W - 
Current into LV {Note 1) ssccescccnccsesesae 20uA for V+ > 3.5V NGG) ON ws an wawnncacsenasene ence 156°C/(W Ss 68°C/W 
Output Short Duration (Vsyppry $ 5.5V)..........--- Continuous Storage Temperature Range.................. -65°C to +150°C 
Lead Temperature (Soldering, 10sec)...............000- 300°C 


(SOIC - Lead Tips Only) 
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 


of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Operating Conditions 


Operating Temperature Range 
ICL7GO0W ois se N6 eke ede eee don Dawe SS CiGH2SC: ICLIGBOO .ccccsccavenvanved sewed wees mews 0°C to +70°C 


Electrical Specifications V* = 5V, T, = +25°C, Cogc = 0, Test Circuit Figure 11 (Unless Otherwise Specified) 


Rout Output Source Resistance 


lout = 20mA, orc s$ Ta < +70°C 


a 
ae 
| 30 
— 
i 
lour = 20mA, -55°C < Ty < +125°C LL = 4 
bell 
| 


V* = 2V, loyy = 3mA, LV to GROUND 
0°;C s Ta < +70°C 

V+ = 2V, loyr = 3MA, LV to GROUND, 

55°C < Ty S$ +125°C 


votage Convarson Efiieney 


Zosc | Oscilator Impedance [ve=2vots TT SC=~d CC 
NOTES: 
1. Connecting any input terminal to voltages greater than V+ or less than GROUND may cause destructive latchup. It is recommended that 
no inputs from sources operating from external supplies be applied prior to “power up” of the ICL7660. 


Functional Block Diagram 


5 CAP+ 
Rc VTEVEL 
+2 
OSCILLATOR g TRANSLATOR CAP- 


ee = 
> V 
| | 4 OUT 
Osc LV 
inl 
VOLTAGE LOGIC 


REGULATOR NETWORK 
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Typical Performance Curves (test Circuit of Figure 11) 


10K 


SUPPLY VOLTAGE RANGE 
(NO DIODE REQUIRED) 


1000 


100 


SUPPLY VOLTAGE (V) 
OUTPUT SOURCE RESISTANCE (Q) 


55 -25 0 25 50 100 125 


TEMPERATURE (°C) SUPPLY VOLTAGE (V+) 
FIGURE 1. OPERATING VOLTAGE AS A FUNCTION FIGURE 2. OUTPUT SOURCE RESISTANCE AS 
OF TEMPERATURE A FUNCTION OF SUPPLY VOLTAGE 


OUTPUT SOURCE RESISTANCE (Q) 
POWER CONVERSION EFFICIENCY (%) 


$5 -25 0 25 50 75 100 125 


TEMPERATURE (°C) OSC. FREQUENCY fosc (Hz) 
FIGURE 3. OUTPUT SOURCE RESISTANCE AS FIGURE 4. POWER CONVERSION EFFICIENCY AS 
A FUNCTION OF TEMPERATURE A FUNCTION OF OSC. FREQUENCY 
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POWER SUPPLIES 
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FIGURE 5. FREQUENCY OF OSCILLATION AS A FUNCTION FIGURE 6. UNLOADED OSCILLATOR FREQUENCY AS 
OF EXTERNAL OSC. CAPACITANCE A FUNCTION OF TEMPERATURE 
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OSCILLATOR FREQUENCY fosc (kHz) 
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Typical Performance Curves (Continued) (Test Circuit of Figure 11) (Continued) 
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FIGURE 7. OUTPUT VOLTAGE AS A FUNCTION OF FIGURE 8. SUPPLY CURRENT AND POWER CONVERSION 
OUTPUT CURRENT EFFICIENCY AS AFUNCTION OF LOAD CURRENT 


+2 


Ta = +25°C 
Vt =2V 


BP EEE suc SLOPE 1500 


+ 
a 


OUTPUT VOLTAGE 
o 
SUPPLY CURRENT (mA) (NOTE 1) 


POWER CONVERSION EFFICIENCY (%) 


0 
0 15 30 45 60 7.5 9.0 


5 6 7 8 LOAD CURRENT I, (mA) 
aan midackee IL (mA) 


FIGURE 9. OUTPUT VOLTAGE AS A FUNCTION FIGURE 10. SUPPLY CURRENT AND POWER CONVERSION 
OF OUTPUT CURRENT EFFICIENCY AS A FUNCTION OF LOAD CURRENT 


NOTE 3. These curves include in the supply current that current fed directly into the load R, from the V+ (See Figure 11). Thus, approxi- 
mately half the supply current goes directly to the positive side of the load, and the other half, through the ICL7660, to the negative side of 
the load. Ideally, Vout = 2Vin» Is cad 2, so Vin » Is ~ Vout x IL. 


ICL7660 


NOTE: For large values of Cogc (>1000pF) the values of C, and C2 should be increased to 100pF. 
FIGURE 11. ICL7660 TEST CIRCUIT 


7-112 


ICL7660 


Detailed Description 


The ICL7660 contains all the necessary circuitry to complete 
a negative voltage converter, with the exception of 2 external 
Capacitors which may be inexpensive 10uF polarized elec- 
trolytic types. The mode of operation of the device may be 
best understood by considering Figure 12, which shows an 
idealized negative voltage converter. Capacitor C, is 
charged to a voltage, V+, for the half cycle when switches S, 
and Sz are closed. (Note: Switches S, and S,4 are open dur- 
ing this half cycle.) During the second half cycle of operation, 
switches Sy and S, are closed, with S; and S3 open, thereby 
shifting capacitor C,; negatively by V+ volts. Charge is then 
transferred from C, to Cy such that the voltage on Cz is 
exactly V+, assuming ideal switches and no load on Co. The 
ICL7660 approaches this ideal situation more closely than 
existing non-mechanical circuits. 


In the ICL 7660, the 4 switches of Figure 12 are MOS power 
switches; S, is a P-channel device and So, S3 and Sy, are N- 
channel devices. The main difficulty with this approach is 
that in integrating the switches, the substrates of S3 and S, 
must always remain reverse biased with respect to their 
sources, but not so much as to degrade their “ON” resis- 
tances. In addition, at circuit start-up, and under output short 
circuit conditions (Voyr = V+), the output voltage must be 
sensed and the substrate bias adjusted accordingly. Failure 
to accomplish this would result in high power losses and 
probable device latchup. 


This problem is eliminated in the ICL7660 by a logic network 
which senses the output voltage (Voyr) together with the 
level translators, and switches the substrates of S3 and S, to 
the correct level to maintain necessary reverse bias. 


The voltage regulator portion of the ICL7660 is an integral 
part of the anti-latchup circuitry, however its inherent voltage 
drop can degrade operation at low voltages. Therefore, to 
improve low voltage operation the “LV” pin should be con- 
nected to GROUND, disabling the regulator. For supply volt- 
ages greater than 3.5V the LV terminal must be left open to 
insure latchup proof operation, and prevent device damage. 


8 S, 2 So 
rn a we 


Sq: 
| | Vout = -Vin 
7 


FIGURE 12. IDEALIZED NEGATIVE VOLTAGE CONVERTER 


Theoretical Power Efficiency 
Considerations 


In theory a voltage converter can approach 100% efficiency 
if certain conditions are met. 


A The driver circuitry consumes minimal power. 


B The output switches have extremely low ON resis- 
tance and virtually no offset. 


C The impedances of the pump and reservoir capaci- 
tors are negligible at the pump frequency. 


The ICL7660 approaches these conditions for negative volt- 
age conversion if large values of C, and Cy are used. 
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE 
BETWEEN CAPACITORS IF A CHANGE IN VOLTAGE 
OCCURS. The energy lost is defined by: 


E = 1/2 C; (V,? 7 V2?) 


where V, and Vp» are the voltages on C, during the pump 
and transfer cycles. If the impedances of C, and C, are rela- 
tively high at the pump frequency (refer to Figure 12) com- 
pared to the value of R,, there will be a substantial difference 
in the voltages V, and V>. Therefore it is not only desirable to 
make Cz as large as possible to eliminate output voltage rip- 
ple, but also to employ a correspondingly large value for C, 
in order to achieve maximum efficiency of operation. 


Do’s And Don’ts 
1. Do not exceed maximum supply voltages. 


2. Do not connect LV terminal to GROUND for supply volt- 
ages greater than 3.5V. 


3. Do not short circuit the output to V+ supply for supply 
voltages above 5.5V for extended periods, however, 
transient conditions including start-up are okay. 


4. When using polarized capacitors, the + terminal of C, 
must be connected to pin 2 of the ICL7660 and the + ter- 
minal of Cz must be connected to GROUND. 


5. If the voltage supply driving the ICL7660 has a large 
source impedance (25 - 30Q), then a 2.2uF capacitor 
from pin 8 to ground may be required to limit rate of rise 
of input voltage to less than 2V/us. 


6. User should insure that the output (pin 5) does not go 
more positive than GND (pin 3). Device latch up will 
occur under these conditions. A 1N914 or similar diode 
placed in parallel with Cz will prevent the device from 
latching up under these conditions. (Anode pin 5, Cath- 
ode pin 3). 
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10yF 


FIGURE 13A. CONFIGURATION FIGURE 13B. THEVENIN EQUIVALENT 
FIGURE 13. SIMPLE NEGATIVE CONVERTER 


FIGURE 14. OUTPUT RIPPLE 
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FIGURE 15. PARALLELING DEVICES 
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FIGURE 16. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE 
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Typical Applications 
Simple Negative Voltage Converter 


The majority of applications will undoubtedly utilize the 
ICL7660 for generation of negative supply voltages. Figure 
13 shows typical connections to provide a negative supply 
negative (GND) for supply voltages below 3.5V. 


The output characteristics of the circuit in Figure 13A can be 
approximated by an ideal voltage source in series with a 
resistance as shown in Figure 13B. The voltage source has 
a value of -V+. The output impedance (R,) is a function of 
the ON resistance of the internal MOS switches (shown in 
Figure 12), the switching frequency, the value of C,; and Co, 
and the ESR (equivalent series resistance) of C1 and C2. A 
good first order approximation for R, is: 


Ro = 2(Rswi + Rows + ESRe}) + 


2(Rswe + Rswa + ESR) + 
1 
+ ESR, 
(fpump) (C1) 
fosc 


(fpump = ‘ Rswx = MOSFET switch resistance) 


2 
Combining the four Rgwx terms as Rew, we see that: 


Ro = 2 (Rgw) + +4 (ESRe}) + ESRee 


1 
(fpump) (C1) 


RSW, the total switch resistance, is a function of supply volt- 
age and temperature (See the Output Source Resistance 
graphs), typically 23Q at +25°C and 5V. Careful selection of 
C, and Coz will reduce the remaining terms, minimizing the 
output impedance. High value capacitors will reduce the 
1/(fpywp @ C,) component, and low ESR capacitors will 
lower the ESR term. Increasing the oscillator frequency will 
reduce the 1/(fpyyp ¢ C1) term, but may have the side effect 
of a net increase in output impedance when C, > 10yuF and 
there is no longer enough time to fully charge the capacitors 
every cycle. In a typical application where fosc = 10kHz and 
C=C, =Co = 10pF: 


Ro= 2(23)+ + 4 (ESR) + ESRop 


(5 © 10%) (10°) 
Ro = 46 + 20 + 5 (ESR) 


Since the ESRs of the capacitors are reflected in the output 
impedance multiplied by a factor of 5, a high value could 
potentially swamp out a low 1/(fpyyp © C,) term, rendering 
an increase in switching frequency or filter capacitance inef- 
fective. Typical electrolytic capacitors may have ESRs as 
high as 10Q. 


Ro= 2(23)+ +4 (ESRo,) + ESR. 


1 
(5 © 10°) (10-5) 
Ro = 46 + 20 + 5 (ESRo) 


Since the ESRs of the capacitors are reflected in the output 
impedance multiplied by a factor of 5, a high value could 


potentially swamp out a low 1/(fpyyp ¢ C,;) term, rendering 
an increase in switching frequency or filter capacitance inef- 
fective. Typical electrolytic capacitors may have ESRs as 
high as 102. 


Output Ripple 


ESR also affects the ripple voltage seen at the output. The 
total ripple is determined by 2 voltages, A and B, as shown in 
Figure 14. Segment A is the voltage drop across the ESR of 
Cz at the instant it goes from being charged by C, (current 
flow into Cz) to being discharged through the load (current 
flowing out of C,). The magnitude of this current change is 
2¢ lout hence the total drop is 2¢ Inyy7 e ESReyV. Segment B 
is the voltage change across C, during time to, the half of the 
cycle when Cy, supplies current to the load. The drop at B is 
lout @ t2/CoV. The peak-to-peak ripple voltage is the sum of 
these voltage drops: 


1 
VripPLe = eer +2 (ESRe2) ] lout 


Again, a low ESR capacitor will reset in a higher perfor- 
mance output. 


Paralleling Devices 


Any number of ICL7660 voltage converters may be paral- 
leled to reduce output resistance. The reservoir capacitor, 
Co, serves all devices while each device requires its own 
pump capacitor, C,. The resultant output resistance would 
be approximately: 


Rout (of ICL7660) 
n (number of devices) 


Rout = 


Cascading Devices 


The ICL7660 may be cascaded as shown to produced larger 
negative multiplication of the initial supply voltage. However, 
due to the finite efficiency of each device, the practical limit is 
10 devices for light loads. The output voltage is defined by: 


Vout = -n (Vin), 


where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approxi- 
mately the weighted sum of the individual ICL7660 Roy val- 
ues. 


Changing the ICL7660 Oscillator Frequency 


It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an exter- 
nal clock, as shown in Figure 17. In order to prevent possible 
device latchup, a 1kQ resistor must be used in series with 
the clock output. In a situation where the designer has gen- 
erated the external clock frequency using TTL logic, the 
addition of a 10kQ pullup resistor to V+ supply is required. 
Note that the pump frequency with external clocking, as with 
internal clocking, will be 1/2 of the clock frequency. Output 
transitions occur on the positive-going edge of the clock. 
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ICL7660 


FIGURE 17. EXTERNAL CLOCKING 


It is also possible to increase the conversion efficiency of the 
ICL7660 at low load levels by lowering the oscillator fre- 
quency. This reduces the switching losses, and is shown in 
Figure 18. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the 
pump (C,) and reservoir (C2) capacitors; this is overcome by 
increasing the values of C,; and Cp» by the same factor that 
the frequency has been reduced. For example, the addition 
of a 100pF capacitor between pin 7 (OSC) and V+ will lower 
the oscillator frequency to 1kHz from its nominal frequency 
of 10kHz (a multiple of 10), and thereby necessitate a corre- 
sponding increase in the value of C, and Cz (from 10yuF to 
100:F). 


V+ 


Cosc 


ICL7660 


i ie 
FIGURE 18. LOWERING OSCILLATOR FREQUENCY 


Positive Voltage Doubling 


The ICL7660 may be employed to achieve positive voltage 
doubling using the circuit shown in Figure 19. In this applica- 
tion, the pump inverter switches of the ICL7660 are used to 
charge C, to a voltage level of V+ -Ve (where V+ is the sup- 
ply voltage and Vr is the forward voltage drop of diode D,). 
On the transfer cycle, the voltage on C, plus the supply volt- 
age (V+) is applied through diode Dz to capacitor Cz. The 
voltage thus created on Cy becomes (2V+) - (2VF) or twice 
the supply voltage minus the combined forward voltage 
drops of diodes D, and Do. 


The source impedance of the output (Voy) will depend on 
the output current, but for V+ = 5V and an output current of 
10mA it will be approximately 60Q. 


ICL7660 
Vout = 
(2V+) - (2VF) 


FIGURE 19. POSITIVE VOLTAGE DOUBLER 


Combined Negative Voltage Conversion 
and Positive Supply Doubling 


Figure 20 combines the functions shown in Figures 13 and 
Figure 19 to provide negative voltage conversion and posi- 
tive voltage doubling simultaneously. This approach would 
be, for example, suitable for generating +9V and -5V from an 
existing +5V supply. In this instance capacitors C,; and C3 
perform the pump and reservoir functions respectively for 
the generation of the negative voltage, while capacitors C. 
and C, are pump and reservoir respectively for the doubled 
positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 


V+ Vout = 
= (NVin - Vepx) 


e 


Vout = (2V+) - 
(Vep1) > (VeD2) 


FIGURE 20. COMBINED NEGATIVE VOLTAGE CONVERTER 
AND POSITIVE DOUBLER 


Voltage Splitting 


The bidirectional characteristics can also be used to split a 
higher supply in half, as shown in Figure 21. The combined 
load will be evenly shared between the two sides. Because 
the switches share the load in parallel, the output impedance 
is much lower than in the standard circuits, and higher cur- 
rents can be drawn from the device. By using this circuit, and 
then the circuit of Figure 16, +15V can be converted (via 
+7.5, and -7.5) to a nominal -15V, although with rather high 
series output resistance (~250Q). 


FIGURE 21. SPLITTING A SUPPLY IN HALF 
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Regulated Negative Voltage Supply +8V 50k 


In some cases, the output inpedance of the ICL7660 can be 
a problem, particularly if the load current varies substantially. 
The circuit of Figure 22 can be used to overcome this by 
controlling the input voltage, via an ICL7611 low-power 
CMOS op amp, in such a way as to maintain a nearly con- 
stant output voltage. Direct feedback is inadvisable, since 
the ICL7660s output does not respond instantaneously to 
change in input, but only after the switching delay. The circuit 
shown supplies enough delay to accommodate the ICL7660, 
while maintaining adequate feedback. An increase in pump 
and storage capacitors is desirable, and the values shown 
provides an output impedance of less than 5Q to a load of 
10mA. 


Other Applications 


ICL8069 


Further information on the operation and use of the ICL7660 
may be found in A051 “Principals and Applications of the 
ICL7660 CMOS Voltage Converter’. FIGURE 22. REGULATING THE OUTPUT VOLTAGE 
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FIGURE 23. RS232 LEVELS FROM A SINGLE 5V SUPPLY 
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Features 


Guaranteed Lower Max Supply Current for All 
Temperature Ranges 


Wide Operating Voltage Range 1.5V to 12V 
100% Tested at 3V 


No External Diode Over Full Temperature and Voltage 
Range 


Boost Pin (Pin 1) for Higher Switching Frequency 
Guaranteed Minimum Power Efficiency of 96% 


improved Minimum Open Circuit Voltage Conversion 
Efficiency of 99% 


Improved SCR Latchup Protection 


Simple Conversion of +5V Logic Supply to +5V 
Supplies 


Simple Voltage Multiplication Voyz = (-)nVin 


Easy to Use - Requires Only 2 External Non-Critical 
Passive Components 


Improved Direct Replacement for Industry Standard 
ICL7660 and Other Second Source Devices 


Applications 
¢ Simple Conversion of +5V to +5V Supplies 
¢ Voltage Multiplication Voyry = tnVin 


Negative Supplies for Data Acquisition Systems and 
Instrumentation 


RS232 Power Supplies 
Supply Splitter, Voy7 = tVs/2 


Pinouts 


ICL7660S (PDIP, SOIC) 
TOP VIEW 


ICL7660S (CAN) 
TOP VIEW 


V+ (AND CASE) 

Boost [7 
CAP+ | 2| 
anp [3 
cap- [4 


8} V+ 
7] osc 


6] LV 
15} Vout 


BOOST Osc 
CAP+ LV 


GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1994 
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Super Voltage Converter 


Description 


The ICL7660S Super Voltage Converter is a monolithic 
CMOS voltage conversion IC that guarantees significant 
performance advantages over other similar devices. It is a 
direct replacement for the industry standard ICL7660 offer- 
ing an extended operating supply voltage range up to 12V, 
with lower supply current. No external diode is needed for 
the ICL7660S. In addition, a Frequency Boost pin has 
been incorporated to enable the user to achieve lower output 
impedance despite using smaller capacitors. All improve- 
ments are highlighted in the Electrical Specifications section. 
Critical parameters are guaranteed over the entire com- 
mercial, industrial and military temperature ranges. 


The ICL7660S performs supply voltage conversion from 
positive to negative for an input range of 1.5V to 12V, result- 
ing in complementary output voltages of -1.5V to -12V. Only 
2 non-critical external capacitors are needed for the charge 
pump and charge reservoir functions. The ICL7660S can be 
connected to function as a voltage doubler and will generate 
up to 22.8V with a 12V input. It can also be used as a volt- 
age multiplier or voltage divider. 


The chip contains a series DC power supply regulator, RC 
oscillator, voltage level translator, and four output power 
MOS switches. The oscillator, when unloaded, oscillates at a 
nominal frequency of 10kHz for an input supply voltage of 
5.0V. This frequency can be lowered by the addition of an 
external capacitor to the “OSC” terminal, or the oscillator 
may be over-driven by an external clock. 


The “LV” terminal may be tied to GND to bypass the internal 
series regulator and improve low voltage (LV) operation. At 
medium to high voltages (3.5V to 12V), the LV pin is left 
floating to prevent device latchup. 


Ordering Information 


PART NUMBER TEMPERATURE | PACKAGE | 


ICL7660SCBA 0°C to +70°C 8 Lead Plastic 
SOIC (N) 


ICL7660SCPA 0°C to +70°C 8 Lead Plastic DIP 
ICL7660SCTV 0°C to +70°C 


ICL7660SIBA -40°C to +85°C 8 Lead Plastic 
SOIC (N) 


ICL7660SIPA -40°C to +85°C 8 Lead Plastic DIP 
ICL7660SITV -40°C to +85°C 8 Pin Metal Can 


ICL7660SMTV -55°C to +125°C 8 Pin Metal Can 
(Note) 


NOTE: Add /883B to part number if 883B processing is required. 
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Specifications ICL7660S 


Absolute Maximum Ratings Thermal Information 

SUPP VONRGS «sc cccccnnacaes een enns nike eee Hae Ome +13.0V Thermal Resistance Ba 8c 

LV and OSC Input Voltage (Note 1) Pigete OP nu. consaccssbeteneenbantatn 150°C/W - 
VERDE acnc 8he cesar swescewehersehwns -0.3V to V+ + 0.3V PIsste SONG c caveccccasecadevonnene 170°C/W - 
VES BOY 6 oda onde oO ee eed £06486054% V+ -5.5V to V+ +0.3V Motal CON 6s is cineeesat 000050640005 155°C/W = 70°C/W 

Current into LV (Note 1) Lead Temperature (Soldering 10s) .................... +300°C 
Ne GE eck eee chadg oe enene Oeeeseenct ene reRu 20nA (SOIC - Lead Tips Only) 

Output Short Duration 
Vous GV cece caacsca graders vtesaraeaweas Continuous 

Storage Temperature Range ................. -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range IGE TOGUSl s snd cevedsen Soerwes ktweuees sans -40°C to +85°C 
LT COCA ed Raw OR ED ee eRe Reed ewes -55°C to +125°C LPOG Ee 656d Okc a baeheenetewngdeeseeeses 0°C to +70°C 


Electrical Specifications V+ = 5V, Ts = +25°C, OSC = Free running, Test Circuit Figure 12, Unless Otherwise Specified 


Supply Current (Note 3) Ry = 0, +25°C — 
woe 
samoercere | 


Supply Voltage Range - High R, = 10K, LV Open, Tyin < Ta < Tax 
(Note 4) 


Supply Voltage dt Low —_ R,, = 10K, LV to GND, Twin < Ta < Tuax 
lout = B0mA, PO <7, 4700 PA awe See 


lout = 20mA, -25°C < Ta < +85°C 
lout = 20mA, -55°C < Ty < +125°C 


lout = 3mA, V+= 2Y; LV = GND, 
0°C < Ta < +70°C 


lout = 3mA, V+= 2V, LV = GND, 
-40°C < T, < +85°C 


lout = 3mA, V+= 2V, LV = GND, 
-55°C < Ty < +125°C 


Oscillator Frequency (Note 3) fosc Cosc = 0, Pin 1 Open or GND : 
Cose = 0, Pin 1 =V+ 


Power Efficiency 


Oscillator Impedance 


NOTES: 
1. Connecting any terminal to voltages greater than V+ or less than GND may cause destructive latchup. It is recommended that no inputs 
from sources operating from external supplies be applied prior to “power up” of ICL7660S. 


2. Derate linearly above +50°C by 5.5mW/°C 


3. In the test circuit, there is no external capacitor applied to pin 7. However, when the device is plugged into a test socket, there is usually 
a very small but finite stray capacitance present, of the order of 5pF. 


4. The Harris ICL7660S can operate without an external diode over the full temperature and voltage range. This device will function in 
existing designs which incorporate an external diode with no degradation in overall circuit performance. 


5. All significant improvements over the industry standard ICL7660 are highlighted. 


7-119 


tg 
Bs 
ca 
Oa 
= 
<H 
cf 
us 
co 
a. 


Specifications ICL7660S 


Electrical Specifications V+ = 3V, Ty = +25°C, OSC = Free running, Test Circuit Figure 12, Uniess Otherwise Specified 


[Panaweren ——[svisor_[ Test conbmmions WN [ TP | WAX | UNITS 

Sip Curent ote is [wrk CP TO] 

weer C«C 
ce 


-40°C < Ty < +85°C 


parece 
Ror 


Output Source Resistance 


-55°C < Ty < +125°C 
V+ = 3V (same as 5V conditions) 


Oscillator Frequency (Note 3) 


-40°C < Ta < +85°C 
-55°C < Ty < +125°C 


Voltage Conversion Efficiency VoutEFF V+ = 3V, R, =o 


Power Efficiency V+ = 3V, R, = 5kQ 
NOTES: 
1. Connecting any terminal to voltages greater than V+ or less than GND may cause destructive latchup. It is recommended that no inputs 
from sources operating from external supplies be applied prior to “power up” of ICL7660S. 
2. Derate linearly above +50°C by 5.5mW/°C 


3. In the test circuit, there is no external capacitor applied to pin 7. However, when the device is plugged into a test socket, there is usually 
a very small but finite stray capacitance present, of the order of SpF. 


4. The Harris ICL7660S can operate without an external diode over the full temperature and voltage range. This device will function in 
existing designs which incorporate an external diode with no degradation in overall circuit performance. 


5. All significant improvements over the industry standard ICL7660 are highlighted. 
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Functional Block Diagram 


BOOST or 
» CAP+ 
ac veevee® 
+2 
OSCILLATOR TRANSLATOR > CAP- 
alee = 
Vv 
| | ~ OUT 
osc LV 
VOLTAGE - 
REGULATOR 
LOGIC 
NETWORK 
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Typical Performance Curves (test Circuit Figure 12) 
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OUTPUT SOURCE RESISTANCE (Q) 
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FIGURE 1. OPERATING VOLTAGE AS A FIGURE 2. OUTPUT SOURCE RESISTANCE AS A 
FUNCTION OF TEMPERATURE FUNCTION OF SUPPLY VOLTAGE 
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FIGURE 5. FREQUENCY OF OSCILLATION AS A FUNCTION FIGURE 6. UNLOADED OSCILLATOR FREQUENCY AS A 
OF EXTERNAL OSCILLATOR CAPACITANCE FUNCTION OF TEMPERATURE 
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Typical Performance Curves (test Circuit Figure 12) (Continued) 


1 = 

V+ =5V x 
0 Ta = +25°C 3 = 
é : 
= 4 5 = 
w a = 
a -2 o . 
eal | : : 
— Ww | 
> 3 > a 
a. z a 
5 9 2 

-4 om fe 

| = 

—T | 5 

LOAD CURRENT (mA) LOAD CURRENT (mA) 
FIGURE 7. OUTPUT VOLTAGE AS A FUNCTION FIGURE 8. SUPPLY CURRENT AND POWER CONVERSION 
OF OUTPUT CURRENT EFFICIENCY AS A FUNCTION OF LOAD CURRENT 


POWER CONVERSION 
EFFICIENCY (%) 


OUTPUT VOLTAGE (V) 
SUPPLY CURRENT (mA) (NOTE 6) 


015 3 45 6 7.5 
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FIGURE 9. OUTPUT VOLTAGE AS A FUNCTION FIGURE 10. SUPPLY CURRENT AND POWER CONVERSION 
OF OUTPUT CURRENT EFFICIENCY AS A FUNCTION OF LOAD CURRENT 
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OUTPUT RESISTANCE (Q) 
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100 1k 10k 100k 
OSCILLATOR FREQUENCY (Hz) 
FIGURE 11. OUTPUT SOURCE RESISTANCE AS A FUNCTION OF OSCILLATOR FREQUENCY 
NOTE 6. These curves include in the supply current that current fed directly into the load R, from the V+ (See Figure 12). Thus, approxi- 
mately half the supply current goes directly to the positive side of the load, and the other half, through the ICL7660S, to the negative side of 
the load. Ideally, Vout = 2Vin» Is = 2l., so Vin x Is = Vout xX IL. 
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Detailed Description 


The ICL7660S contains all the necessary circuitry to 
complete a negative voltage converter, with the exception of 
2 external capacitors which may be inexpensive 10pF 
polarized electrolytic types. The mode of operation of the 
device may be best understood by considering Figure 13, 
which shows an idealized negative voltage converter. 
Capacitor C, is charged to a voltage, V+, for the half cycle 
when switches S, and S3 are closed. (Note: Switches Sp 
and S, are open during this half cycle.) During the second 
half cycle of operation, switches S, and S, are closed, with 
S, and S, open, thereby shifting capacitor C; to Cz such that 
the voltage on Cz is exactly V+, assuming ideal switches and 
no load on Cy. The ICL7660S approaches this ideal situation 
more closely than existing non-mechanical circuits. 


V+ 


Ig V+ 


B (+5V) 
a, % ICL7660S 
1 : 
10pF . 6) BL 
L L “Vout 


c, L- 
19.F | + 


NOTE: For large values of Cogc (>1000pF) the values of C, 
and Cz should be increased to 100pF 


FIGURE 12. ICL7660S TEST CIRCUIT 


In the ICL7660S, the 4 switches of Figure 13 are MOS 
power switches; S, is a P-Channel devices and Sz, S3 and 
S4, are N-Channel devices. The main difficulty with this 
approach is that in integrating the switches, the substrates of 
S3 and S, must always remain reverse biased with respect 
to their sources, but not so much as to degrade their “ON” 
resistances. In addition, at circuit start up, and under output 
short circuit conditions (Voyr = V+), the output voltage must 
be sensed and the substrate bias adjusted accordingly. 
Failure to accomplish this would result in high power losses 
and probable device latchup. 


This problem is eliminated in the ICL7660S by a logic 
network which senses the output voltage (Voyr) together 
with the level translators, and switches the substrates of S3 
and S, to the correct level to maintain necessary reverse 
bias. 


The voltage regulator portion of the ICL7660S is an integral 
part of the anti-latchup circuitry, however its inherent voltage 
drop can degrade operation at low voltages. Therefore, to 
improve low voltage operation “LV” pin should be connected 
to GND, disabling the regulator. For supply voltages greater 
than 3.5V the LV terminal must be left open to insure latchup 
proof operation, and prevent device damage. 


Theoretical Power Efficiency Considerations 


In theory a voltage converter can approach 100% efficiency 
if certain conditions are met: 


A. The drive circuitry consumes minimal power. 


B. The output switches have extremely low ON resistance 
and virtually no offset. 


C. The impedance of the pump and reservoir capacitors are 
negligible at the pump frequency. 


The ICL7660S approaches these conditions for negative 
voltage conversion if large values of C, and Cy are used. 
ENERGY IS LOST ONLY IN THE TRANSFER OF 
CHARGE BETWEEN CAPACITORS IF A CHANGE IN 
VOLTAGE OCCURS. The energy lost is defined by: 
E = '/2Cy (Vy? - Vo) 

where V, and V» are the voltages on C, during the pump 
and transfer cycles. If the impedances of C, and Cy are 
relatively high at the pump frequency (refer to Figure 13) 
compared to the value of R,, there will be substantial 
difference in the voltages V; and V>. Therefore it is not only 
desirable to make Cz as large as possible to eliminate output 
voltage ripple, but also to employ a correspondingly large 
value for C, in order to achieve maximum efficiency of 
operation. 


4 Vout = “Vin 


FIGURE 13. IDEALIZED NEGATIVE VOLTAGE CONVERTER 


Do’s and Don’ts 
1. Do not exceed maximum supply voltages. 


2. Do not connect LV terminal to GND for supply voltage 
greater than 3.5V. 


3. Do not short circuit the output to V* supply for supply 
voltages above 5.5V for extended periods, however, tran- 
sient conditions including start-up are okay. 


4. When using polarized capacitors, the + terminal of C, 
must be connected to pin 2 of the ICL7660S and the + 
terminal of C. must be connected to GND. 


5. If the voltage supply driving the ICL7660S has a large 
source impedance (25Q - 30Q), then a 2.2uF capacitor 
from pin 8 to ground may be required to limit rate of rise 
of inpui*voltage to less than 2V/us. 


6. User should insure that the output (pin 5) does not go 
more positive than GND (pin 3). Device latch up will occur 
under these conditions. 

A 1N914 or similar diode placed in parallel with Co will 
prevent the device from latching up under these condi- 
tions. (Anode pin 5, Cathode pin 3). 
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ICL7660S 


Typical Applications 
Simple Negative Voltage Converter 


The majority of applications will undoubtedly utilize the 
ICL7660S for generation of negative supply voltages. Figure 
14 shows typical connections to provide a negative supply 
where a positive supply of +1.5V to +12V is available. Keep 
in mind that pin 6 (LV) is tied to the supply negative (GND) 
for supply voltage below 3.5V. 


Ro Vout 
+ 
14A. 14B. 
FIGURE 14. SIMPLE NEGATIVE CONVERTER ANDITS OUTPUT 
EQUIVALENT 


The output characteristics of the circuit in Figure 14 can be 
approximated by an ideal voltage source in. series with a 
resistance as shown in Figure 14B. The voltage source has 
a value of -(V+). The output impedance (Ro) is a function of 
the ON resistance of the internal MOS switches (shown in 
Figure 13), the switching frequency, the value of C, and Co, 
and the ESR (equivalent series resistance) of C; and Co. A 
good first order approximation for Ro is: 


Ro = 2(Rswi + Rsws3 + ESRe¢}) + 2(Rswe + Rsw4 + ESRe¢}) + 


+ ESRee 


fpump X Cy 


f 
., Rswx = MOSFET switch resistance) 


(fpump = 
Combining the four Rowx terms as Row, we see that: 


Ro =2 x Row + +4x ESRo, + ESR 


fpump X Cy 


Row, the total switch resistance, is a function of supply 
voltage and temperature (See the Output Source 
Resistance graphs), typically 23Q at +25°C and 5V. Careful 
selection of C,; and Cz will reduce the remaining terms, 
minimizing the output impedance. High value capacitors will 
reduce the 1/(fpyyp x C;) component, and low ESR capaci- 
tors will lower the ESR term. Increasing the oscillator 
frequency will reduce the 1/(fpymp x C1) term, but may have 
the side effect of a net increase in output impedance when 
C, > 10uF and is not long enough to fully charge the capac- 
itors every cycle. In a typical application where fosc = 
10kHz and C = C, =: Cy Ea 10uF: 


1 


(5 x 10° x 10 x 10%) 
Ro = 46 +20 +5 x ESRoQ 


Ro =2x23+ +4xESRo, + ESR 


Since the ESRs of the capacitors are reflected in the output 
impedance multiplied by a factor of 5, a high value could 
potentially swamp out a low 1/fpyyp x C;) term, rendering an 
increase in switching frequency or filter capacitance ineffec- 
tive. Typical electrolytic capacitors may have ESRs as high 
as 10Q. 


Output Ripple 


ESR also affects the ripple voltage seen at the output. The 
total ripple is determined by 2 voltages, A and B, as shown 
in Figure 15. Segment A is the voltage drop across the ESR 
of Cz at the instant it goes from being charged by C, (current 
flowing into Cz) to being discharged through the load 
(current flowing out of Cz). The magnitude of this current 
change is 2 x loyz, hence the total drop is 2 x Igyz x 
ESRooV. Segment B is the voltage change across Cy during 
time to, the half of the cycle when Cy supplies current the 
load. The drop at B is Igyt X to/CoV. The peak-to-peak ripple 
voltage is the sum of these voltage drops: 


1 


VRIPPLE = ( +2 ESRC, x lout ) 


2 X fpump X C2 


Again, a low ESR capacitor will result in a higher perfor- 
mance output. 


Paralleling Devices 


Any number of ICL7660S voltage converters may be 
paralleled to reduce output resistance. The reservoir 
capacitor, Co, serves all devices while each device requires 
its own pump capacitor, C,. The resultant output resistance 
would be approximately: 


Rout (of ICL7660S) 
n (number of devices) 


Rout = 


Cascading Devices 


The ICL7660S may be cascaded as shown to produce larger 
negative multiplication of the initial supply voltage. However, 
due to the finite efficiency of each device, the practical limit 
is 10 devices for light loads. The output voltage is defined 
by: 


Vout = -A(Vin): 


where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approxi- 
mately the weighted sum of the individual ICL7660S Royrt 
values. 


Changing the ICL7660S Oscillator Frequency 


It may be desirable in some applications, due to noise or 
other considerations, to alter the oscillator frequency. This 
can be achieved simply by one of several methods 
described below. 


By connecting the Boost Pin (Pin 1) to V+, the oscillator 
charge and discharge current is increased and, hence, the 
oscillator frequency is increased by approximately 3'/, 
times. The result is a decrease in the output impedance and 
ripple. This is of major importance for surface mount applica- 
tions where capacitor size and cost are critical. Smaller 
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FIGURE 15. OUTPUT RIPPLE 
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FIGURE 16. PARALLELING DEVICES 
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Vout (NOTE) 


NOTE: Voyr =-nV for 1.5V < V+< 12V 
FIGURE 17. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE 
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Capacitors, e.g. 0.1pF, can be used in conjunction with the 
Boost Pin in order to achieve similar output currents 
compared to the device free running with C, = Cy = 10yF or 
100uF. (Refer to graph of Output Source Resistance as a 
Function of Oscillator Frequency). 


Increasing the oscillator frequency can also be achieved by 
overdriving the oscillator from an external clock, as shown in 
Figure 18. In order to prevent device latchup, a 1kQ resistor 
must be used in series with the clock output. in a situation 
where the designer has generated the external clock 
frequency using TTL logic, the addition of a 10kQ pullup 
resistor to V+ supply is required. Note that the pump 
frequency with external clocking, as with internal clocking, 
will be '/ of the clock frequency. Output transitions occur on 
the positive going edge of the clock. 


FIGURE 18. EXTERNAL CLOCKING 


It is also possible to increase the conversion efficiency of the 
ICL7660S at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is shown 
in Figure 19. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the 
pump (C,) and reservoir (C2) capacitors; this is overcome by 
increasing the values of C; and Cz by the same factor that 
the frequency has been reduced. For example, the addition 
of a 100pF capacitor between pin 7 (OSC and V+ will lower 
the oscillator frequency to 1kHz from its nominal frequency 
of 10kHz (a multiple of 10), and thereby necessitate 
corresponding increase in the value of C; and Co (from 10uF 
to 100yF). 


Vout 


FIGURE 19. LOWERING OSCILLATOR FREQUENCY 


Positive Voltage Doubling 


The ICL7660S may be employed to achieve positive voltage 
doubling using the circuit shown in Figure 20. In this applica- 
tion, the pump inverter switches of the ICL7660S are used to 
charge C, to a voltage level of V+ -V- (where V+ is the sup- 
ply voltage and V¢ is the forward voltage on C, plus the sup- 


ply voltage (V+) is applied through diode Dz to capacitor Cp. 
The voltage thus created on Cy becomes (2V+) - (2V-) or 
twice the supply voltage minus the combined forward volt- 
age drops of diodes D, and Dg. 


The source impedance of the output (Voyr) will depend on 
the output current, but for V+ = 5V and an output current of 
10mA it will be approximately 602Q. 


V+ 


Vout = 
(2V+) = (2Vp) 


NOTE: D, and Dz can be any suitable diode 
FIGURE 20. POSITIVE VOLTAGE DOUBLER 


Combined Negative Voltage Conversion and 
Positive Supply Doubling 


Figure 21 combines the functions shown in Figure 14 and 
Figure 20 to provide negative voltage conversion and posi- 
tive voltage doubling simultaneously. This approach would 
be, for example, suitable for generating +9V and -5V from an 
existing +5V supply. In this instance capacitors C,; and C3 
perform the pump and reservoir functions respectively for 
the generation of the negative voltage, while capacitors C2 
and C, are pump and reservoir respectively for the doubled 
positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 


V+ 


| 8 | Vout = “Vin 


ICL7660S C3 


Vout = (2V+) - 
(VEp1) > (Vep2) 


FIGURE 21. COMBINED NEGATIVE VOLTAGE CONVERTER 
AND POSITIVE DOUBLER 


Voltage Splitting 


The bidirectional characteristics can also be used to split a 
high supply in half, as shown in Figure 22. The combined 
load will be evenly shared between the two sides, and a high 
value resistor to the LV pin ensures start-up. Because the 
switches share the load in parallel, the output impedance is 
much lower than in the standard circuits, and higher currents 
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can be drawn from the device. By using this circuit, and then 
the circuit of Figure 17, +15V can be converted (via +7.5, 
and -7.5 to a nominal -15V, although with rather high series 
output resistance (~250Q). 


FIGURE 22. SPLITTING A SUPPLY IN HALF 


Regulated Negative Voltage Supply 


In Some cases, the output impedance of the ICL7660S can 
be a problem, particularly if the load current varies substan- 
tially. The circuit of Figure 23 can be used to overcome this 
by controlling the input voltage, via an ICL7611 low-power 
CMOS op amp, in such a way as to maintain a nearly con- 
stant output voltage. Direct feedback is inadvisable, since 
the ICL7660S’s output does not respond instantaneously to 
change in input, but only after the switching delay. The circuit 
shown supplies enough delay to accommodate the 
ICL7660S, while maintaining adequate feedback. An 


+5V LOGIC SUPPLY 


increase in pump and storage capacitors is desirable, and 
the values shown provides an output impedance of less than 
5Q to a load of 10mA. 


> +8V 50k 


1 0pF 
+ 


Vout 
250k ” 100uF 
VOLTAGE _T+ . 
ADJUST = 


FIGURE 23. REGULATING THE OUTPUT VOLTAGE 


Other Applications 


Further information on the operation and use of the 
ICL7660S may be found in ANO51 “Principles and Applica- 
tions of the ICL7660 CMOS Voltage Converter’. 


FIGURE 24. RS232 LEVELS FROM A SINGLE 5V SUPPLY 
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Features 

e No External Diode Needed Over Entire Temperature 
Range 
Pin Compatible With ICL7660 
Simple Conversion of +15V Supply to -15V Supply 
Simple Voltage Multiplication (Voyrz = (-)NVin) 


99.9% Typical Open Circuit Voltage Conversion 
Efficiency 


96% Typical Power Efficiency 
Wide Operating Voltage Range 4.5V to 20.0V 


Easy to Use - Requires Only 2 External Non-Critical 
Passive Components 


Applications 


e On Board Negative Supply for Dynamic RAMs 

e Localized Processor (8080 Type) Negative Supplies 
¢ Inexpensive Negative Supplies 

e Data Acquisition Systems 

e Up to -20V for Op Amps 


Pinouts 


ICL7662 


CMOS Voltage Converter 


Description 


The Harris ICL7662 is a monolithic high-voltage CMOS 
power supply circuit which offers unique performance ad- 
vantages over previously available devices. The ICL7662 
performs supply voltage conversion from positive to negative 
for an input range of +4.5V to +20.0V, resulting in comple- 
mentary output voltages of -4.5V to -20V. Only 2 noncritical 
external capacitors are needed for the charge pump and 
charge reservoir functions. The ICL7662 can also function 
as a voltage doubler, and will generate output voltages up to 
+38.6V with a +20V input. 


Contained on chip are a series DC power supply regulator, 
RC oscillator, voltage level translator, four output power MOS 
switches. A unique logic element senses the most negative 
voltage in the device and ensures that the output N-Channel 
switch source-substrate junctions are not forward biased. 
This assures latchup free operation. 


The oscillator, when unloaded, oscillates at a nominal fre- 
quency of 10kHz for an input supply voltage of 15.0V. This 
frequency can be lowered by the addition of an external 
capacitor to the “OSC” terminal, or the oscillator may be 
overdriven by an external clock. 


The “LV” terminal may be tied to GROUND to bypass the 
internal series regulator and improve low voltage (LV) opera- 
tion. At medium to high voltages (+10V to +20V), the LV pin 
is left floating to prevent device latchup. 


ICL7662 (PDIP) ICL7662CBD AND IBD (SOIC) ICL7662 (CAN) 
TOP VIEW TOP VIEW TOP VIEW 


TEST [7 rs] V+ 
CAP+ [2 osc 
GND [3] ré] LV 


CAP- | 4 | 151 Vour 


ICL7662CBD-0 (SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 31 81 2 
Copyright © Harris Corporation 1994 7-128 
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Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


icL7e2cTy 0°C to +70°C /BPinMetalCan | Pin Metal Can 


ICL7662MTV (Note 1) | -55°C to +125°C | 8 Pin Metal Can 


NOTE: 
1. Add /883 to part number if /883B processing is required. 


Functional Block Diagram 


5 V+ 
a 
> CAP+ qi = 
vente es 

+> 

OSCILLATOR TRANSLATOR > CAP- s 7 
3 & 
ws 
re) 
a. 


TEST pL 
» Vout 
* 
- : ; 
LOGIC 


VOLTAGE NETWORK 
REGULATOR 
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Specifications ICL7662 


Absolute Maximum Ratings Thermal Information 
BUOY VOUNGG «ck cena ceneanccnsianounewentwnne beienaeese 22V ‘Thermal Resistance Oya Bjc 
Oscillator Input Voltage......... -0.3V to (V+ +0.3V) for V+ < 10V Plastic DIP Package ........200cna0. 150°C/W - 
ieeneisths vane nes aeons (V+ -10V) to (V+ +0.3V) for V+ > 10V Plastic SOIC Package............... 120°C/W - 
(Note 1) Motel Can cease ssesseewens ca20000 156°C/W 6 8°C/W 
Current Into LV (Note 1)... cssccccvrowsvcues 20uA for V+>10V Lead Temperature (Soldering, 10s)...............0000ee 300°C 
Outpt Short DUCSHON.. «0 essen c doreseeesiseee taes Continuous (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 15V, T, = +25°C, Cogc¢ = 0, Unless Otherwise Specified. Refer to Figure 14. 


PARAMETER SYMBOL TEST CONDITIONS Ci aL it, UNITS 


Supply Voltage Range - Hi <= R, = 10kQ, LV = Open | Min < Ty < Max 


R, = 0, LV = Open 


0°C < Ty < +70°C 
-40°C < T, < +85°C 


~55°C < Ty < +125°C 


Supply Current Ta = +25°C 


Output Source Resistance Ta = +25°C 


0°C < Ty < +70°C 
-40°C < Ty < +85°C 


55°C <T, < +125°C 


Supply Current Ta = +25°C 
0°C < Ty < +70°C 
-40°C < Ty < +85°C 
-55°C < Ty < +125°C 


Output Source Resistance 


V+ = 5V, Ip = 3mA, Ty = +25°C 
LV = GND 
0°C < Ty < +70°C 
-40°C < Ta < +85°C 
-55°C < Ty < +125°C 
ii 
Ry = 2KQ Ty = +25°C 


Oscillator Sink or Source V+ = 5V (Vosc = OV to +5V) 

Current 
V+ = 15V (Voge = +5V to +15V) 

NOTES: 


1. Connecting any terminal to voltages greater than V+ or less than GND may cause destructive latchup. It is recommended that no inputs 
from sources operating from external supplies be applied prior to “power up” of ICL7660S. 

2. Pin 1 is a Test pin and is not connected in normal use. When the TEST pin is connected to V+, an internal transmission gate disconnects 
any external parasitic capacitance from the oscillator which would otherwise reduce the oscillator frequency from its nominal value. 


nN 
on 
So 


kHz 


Power Efficiency % 


x% 
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Performance Curves (See Figure 14, Test Circuit) 
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170 Ta =z +25°C 


| IL = 3mA 
Ta ca +25°C 
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SUPPLY VOLTAGE (V) osc (pF) 


FIGURE 5. OSCILLATOR FREQUENCY vs SUPPLY VOLTAGE FIGURE 6. FREQUENCY OF OSCILLATION AS A FUNCTION 
OF EXTERNAL OSCILLATOR CAPACITANCE 


NOTE: All typical values have been characterized but are not tested. 
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Performance Curves (See Figure 14, Test Circuit) (Continued) 
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FIGURE 11. SUPPLY CURRENT AND POWER CONVERSION FIGURE 12. FREQUENCY OF OSCILLATION AS A 
EFFICIENCY AS A FUNCTION OF LOAD CURRENT FUNCTION OF SUPPLY VOLTAGE 
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Performance Curves 
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(See Figure 14, Test Circuit) 


SUPPLY CURRENT b+ (A) 
o 
So 


10 100 1K 10K 
OSCILLATOR FREQUENCY (Hz) 
FIGURE 13. SUPPLY CURRENT AS A FUNCTION OF 
OSCILLATOR FREQUENCY 


Circuit Description 


The ICL7662 contains all the necessary circuitry to complete 
a negative voltage converter, with the exception of 2 external 
capacitors which may be inexpensive 10uF polarized 
electrolytic capacitors. The mode of operation of the device 
may be best understood by considering Figure 15, which 
shows an idealized negative voltage converter. Capacitor C, 
is charged to a voltage, V+, for the half cycle when switches 
S, and S, are closed. (Note: Switches Sz and S, are open 
during this half cycle.) During the second half cycle of 
operation, switches Sz and Sy, are closed, with S; and S3 
open, thereby shifting capacitor C, negatively by V+ volts. 
Charge is then transferred from C, to C, such that the 
voltage on Cz is exactly V+, assuming ideal switches and no 
load on Co. The ICL7662 approaches this ideal situation 
more closely than existing non-mechanical circuits. 


In the ICL7662, the 4 switches of Figure 15 are MOS power 
switches; S, is a P-Channel device and So, S3 and S, are N- 
Channel devices. The main difficulty with this approach is 
that in integrating the switches, the substrates of S3 and S, 
must always remain reverse biased with respect to their 
sources, but not so much as to degrade their “ON” 
resistances. In addition, at circuit startup, and under output 
short circuit conditions (Voyr = V+), the output voltage must 
be sensed and the substrate bias adjusted accordingly. 
Failure to accomplish this would result in high power losses 
and probable device latchup. 


This problem is eliminated in the ICL7662 by a logic network 
which senses the output voltage (Voyrt) together with the 
level translators, and switches the substrates of S3 and S, to 
the correct level to maintain necessary reverse bias. 


The voltage regulator portion of the ICL7662 is an integral 
part of the anti-latchup circuitry, however its inherent voltage 
drop can degrade operation at low voltages. Therefore, to 
improve low voltage operation the “LV” pin should be con- 
nected to GROUND, disabling the regulator. For supply volt- 
ages greater than 10V the LV terminal must be left open to 
insure latchup proof operation, and prevent device damage. 


(Continued) 


NOTE 4. These curves include in the supply current that current fed 
directly into the load R,_ from the V+ (See Figure 14). Thus, approxi- 
mately half the supply current goes directly to the positive side of the 
load, and the other half, through the ICL7662, to the negative side of 
the load. Ideally, Vout = 2Vin» Is = 2i., so Vin x Is = Vout » 4 IL. 


Ig V+ 
© (+5V) 


ICL7662 


NOTE: For large value of 
Cosc (> 1000pF) 

the values of C, and Cz should be 
increased to 100pF. 


FIGURE 14. ICL7662 TEST CIRCUIT 


C2 


: | Vout = -Vin 
5 


FIGURE 15. IDEALIZED NEGATIVE CONVERTER 
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Theoretical Power Efficiency Considerations 


In theory a voltage multiplier can approach 100% efficiency if 
certain conditions are met: 


A The drive circuitry consumes minimal power 


B The output switches have extremely low ON resistance 
and virtually no offset. 


C The impedances of the pump and reservoir capacitors 
are negligible at the pump frequency. 


The ICL7662 approaches these conditions for negative volt- 
age multiplication if large values of C,; and Cy are used. 
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE 
BETWEEN CAPACITORS IF A CHANGE IN VOLTAGE 
OCCURS. The energy lost is defined by: 


E= 1/2C, (V4? ha V2") 


’ where V, and V> are the voltages on C, during the pump 
and transfer cycles. If the impedances of C, and Cz are rela- 
tively high at the pump frequency (refer to Figure 15) com- 
pared to the value of R,, there will be a substantial 
difference in the voltages V, and Vo. Therefore it is not only 
desirable to make Cz as large as possible to eliminate output 
voltage ripple, but also to employ a correspondingly large 
value for C, in order to achieve maximum efficiency of oper- 
ation. 


Do’s and Don’ts 
1. Do not exceed maximum supply voltages. 


2. Do not connect LV terminal to GROUND for supply volt- 
ages greater than 10V. 


3. When using polarized capacitors, the + terminal of C, 
must be connected to pin 2 of the ICL7662 and the + ter- 
minal of C2 must be connected to GROUND. 


4. If the voltage supply driving the 7662 has a large source 
impedance (25Q - 30Q), then a 2.2uF capacitor from pin 
8 to ground may be required to limit rate of rise of input 
voltage to less than 2V/us. 


5. User should insure that the output (pin 5) does not go 
more positive than GND (pin 3). Device latch up will occur 
under these conditions. 


A 1N914 or similar diode placed in parallel with C. will pre- 
vent the device from latching up under these conditions. 
(Anode pin 5, Cathode pin 3). 


Typical Applications 
Simple Negative Voltage Converter 


The majority of applications will undoubtedly utilize the 
ICL7662 for generation of negative supply voltages. Figure 
16 shows typical connections to provide a negative supply 
where a positive supply of +4.5V to 20.0V is available. Keep 
in mind that pin 6 (LV) is tied to the supply negative (GND) 
for supply voltages below 10V. 


The output characteristics of the circuit in Figure 16A can be 
approximated by an ideal voltage source in series with a 
resistance as shown in Figure 16B. The voltage source has 
a value of -(V+). The output impedance (Ro) is a function of 
the ON resistance of the internal MOS switches (shown in 
Figure 2), the switching frequency, the value of C, and Cz, 
and the ESR (equivalent series resistance) of C; and Co. A 
good first order approximation for Ro is: 


Ro = 2(Rsw + Rsw3 + ESRC,) 
+ 2(Rswe 2 Rsw4 + ESRC,) + a ESRC, 
fpump Xx Cy 


fosc: 
ein Rswx = MOSFET switch resistance) 


i - 
(fpump 5 


Combining the four Rgwx terms as Rgw, we see that 


Ro = 2 x Row + +4x ESRC, + ESRC,Q 
fpump X Cy 

Roy, the total switch resistance, is a function of supply volt- 
age and temperature (See the Output Source Resistance 
graphs), typically 24Q at +25°C and 15V, and 53Q at +25°C 
and 5V. Careful selection of C; and Cp, will reduce the 
remaining terms, minimizing the output impedance. High 
value capacitors will reduce the 1/(fpyyp x C;) component, 
and low FSR capacitors will lower the ESR term. Increasing 
the oscillator frequency will reduce the 1/(fpyyp x C,) term, 
but may have the side effect of a net increase in output 
impedance when C, > 10uF and there is no longer enough 
time to fully charge the capacitors every cycle. In a typical 
application where fosc = 10kHz and C = C, = Cy = 10pF: 


1 
=2x23+ +4 ESRC, + ESRC 
i TEx 10°x 10x 10%) ieee 


Ro = 46 + 20 +5 x ESR(Q 


Since the ESRs of the capacitors are reflected in the output 
impedance multiplied by a factor of 5, a high value could 
potentially swamp out a low 1/(fpyyp x C,) term, rendering 
an increase in switching frequency or filter capacitance inef- 
fective. Typical electrolytic capacitors may have ESRs as 
high as 10Q. 


16A. 16B. 
FIGURE 16. SIMPLE NEGATIVE CONVERTER ANDITS OUTPUT 
EQUIVALENT 
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Output Ripple 


ESR also affects the ripple voltage seen at the output. The 
total ripple is determined by 2V, A and B, as shown in Figure 
17. Segment A is the voltage drop across the ESR of Coz at 
the instant it goes from being charged by C, (current flowing 
into Cy) to being discharged through the load (current flow- 
ing out of Cz). The magnitude of this current change is 2 x 
lout, hence the total drop is 2 x loyy x ESRC2V. Segment B 
is the voltage change across Cy during time to, the half of 
the cycle when Cz supplies current the load. The drop at B is 
lout X tp/C2V. The peak-to-peak ripple voltage is the sum of 
these voltage drops: 

1 


VRIpPLE = ( +2 ESRC, x lout ) 


2x fpump xX Co 


Again, a low ESR capacitor will result in a higher perfor- 
mance output. 
Paralleling Devices 


Any number of ICL7662 voltage converters may be 
paralleled (Figure 18) to reduce output resistance. The res- 


ervoir capacitor, Cz, serves all devices while each device 
requires its own pump capacitor, C;. The resultant output 
resistance would be approximately: 


Rout (of ICL7662) 
n (number of devices) 


Rout = 


Cascading Devices 


The ICL7662 may be cascaded as shown in Figure 19 to 
produce larger negative multiplication of the initial supply 
voltage. However, due to the finite efficiency of each device, 
the practical limit is 10 devices for light loads. The output 
voltage is defined by: 


Vout = -A(Vin), 


where n is an integer representing the number of devices cas- 
caded. The resulting output resistance would be approximately 
the weighted sum of the individual ICL7662 Roy values. 


FIGURE 18. PARALLELING DEVICES 


FIGURE 19. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE 
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Changing the ICL7662 Oscillator Frequency 


It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an exter- 
nal clock, as shown in Figure 20. In order to prevent possible 
device latchup, a 1kW resistor must be used in series with 
the clock output. In the situation where the designer has 
generated the external clock frequency using TTL logic, the 
addition of a 10kW pullup resistor to V+ supply is required. 
Note that the pump frequency with external clocking, as with 
internal clocking, will be 1/2 of the clock frequency. Output 
transitions occur on the positive-going edge of the clock. 


It is also possible to increase the conversion efficiency of the 
ICL7662 at low load levels by lowering the oscillator fre- 
quency. This reduces the switching losses, and is achieved 
by connecting an additional capacitor, COSC, as shown in 
Figure 21. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the 
pump (C,) and reservoir (Cz) capacitors; this is overcome by 
increasing the values of C, and C, by the same factor that 
the frequency has been reduced. For example, the addition 
of a 100pF capacitor between pin 7 (OSC) and V+ will lower 
the oscillator frequency to 1kHz from its nominal frequency 
of 10kHz (a multiple of 10), and thereby necessitate a corre- 
sponding increase in the value of C, and Cz (from 10mF to 
100mF). 


yr 


Cosc 


ICL7662 


+T @ 
FIGURE 21. LOWERING OSCILLATOR FREQUENCY 


Positive Voltage Doubling 


The ICL7662 may be employed to achieve positive voltage 
doubling using the circuit shown in Figure 22. In this 
application, the pump inverter switches of the ICL7662 are 
used to charge C, to a voltage level of V+ -Ve (where V+ is 


the supply voltage and V¢ is the forward voltage drop of 
diode D,). On the transfer cycle, the voltage on C, plus the 
supply voltage (V+) is applied through diode Cz to capacitor 
Cy. The voltage thus created on Cz becomes (2V+) (2V¢) or 
twice the supply voltage minus the combined forward voltage 
drops of diodes D, and Do. 


The source impedance of the output (Voyr) will depend on 
the output current, but for V+ = 15V and an output current of 
10mA it will be approximately 702. 


ICL7662 


(2V+) - (2Vp) 


NOTE: D, and Dz can be any suitable diode. 


FIGURE 22. POSITIVE VOLTAGE DOUBLER 


V+ 


Vout = 
- (nVin - Vepx) 


Vout = (2V+) - 
(Vep1) - (VED) 


FIGURE 23. COMBINED NEGATIVE CONVERTER 
AND POSITIVE DOUBLER 


Combined Negative Voltage Conversion and Positive 
Supply Doubling 


Figure 23 combines the functions shown in Figure 16 and 
Figure 22 to provide negative voltage conversion and posi- 
tive voltage doubling simultaneously. This approach would 
be, for example, suitable for generating +9V and -5V from an 
existing +5V supply. In this instance capacitors C, and C, 
perform the pump and reservoir functions respectively for 
the generation of the negative voltage, while capacitors C. 
and C, are pump and reservoir respectively for the doubled 
positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 
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Voltage Splitting 


The bidirectional characteristics can also be used to split a 
higher supply in half, as shown in Figure 24. The combined 
load will be evenly shared between the two sides and, a high 
value resistor to the LV pin ensures start-up. Because the 
switches share the load in parallel, the output impedance is 
much lower than in the standard circuits, and higher currents 
can be drawn from the device. By using this circuit, and then 
the circuit of Figure 19, +30V can be converted (via +15V, 
and -15V) to a nominal -30V, although with rather high series 
output resistance (~250Q). 


Regulated Negative Voltage Supply FIGURE 24. SPLITTING A SUPPLY IN HALF 
In some cases, the output impedance of the ICL7662 can be 
a problem, particularly if the load current varies substantially. 5 +8V 50k 


The circuit of Figure 25 can be used to overcome this by 
controlling the input voltage, via an ICL7611 low-power 
CMOS op amp, in such a way as to maintain a nearly con- 
stant output voltage. Direct feedback is inadvisable, since 
the ICL7662s output does not respond instantaneously to a 
change in input, but only after the switching delay. The circuit 
shown supplies enough delay to accommodate the ICL7662, 
while maintaining adequate feedback. An increase in pump 
and storage capacitors is desirable, and the values shown 
provides an output impedance of less than 5Q to a load of 
10mA. 


ICL8069 


Vout 
Other Applications 
250k ; 
Further information on the operation and use of the ICL7662 VOLTAGE bi a J 
may be found in A051 “Principles and Applications of the AST > 
ICL7660 CMOS Voltage Converter’. FIGURE 25. REGULATING THE OUTPUT VOLTAGE 
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Features 


¢ Guaranteed 10.A Maximum Quiescent Current Over 
All Temperature Ranges 


Wider Operating Voltage Range - 1.6V to 16V 


Guaranteed Line and Load Regulation Over Entire 
Operating Temperature Range Optional 


1% Output Voltage Accuracy (ICL7663SA) 

Output Voltage Programmable from 1.3V to 16V 
Improved Temperature Coefficient of Output Voltage 
40mA Minimum Output Current with Current Limiting 


Output Voltages with Programmable Negative Temper- 
ature Coefficients 


Output Shutdown via Current-Limit Sensing or Exter- 
nal Logic Level 


Low Input-to-Output Voltage Differential 


Improved Direct Replacement for Industry Standard 
ICL7663B and Other Second-Source Products 


Applications 
e Low-Power Portable Instrumentation 
e Pagers 
e Handheld Instruments 
LCD Display Modules 
Remote Data Loggers 
Battery-Powered Systems 


Pinout 


ICL7663S (PDIP, CERDIP, SOIC) 
TOP VIEW 


SENSE [7 
Voute [2 | 


Vout: [3] 
GND | 4| 


|S] Vine 
Vte 
[6 | Vser 
|5 | SHDN 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1994 


ICL7663S 


CMOS Programmable Micropower 
Positive Voltage Regulator 


Description 


The ICL7663S Super Programmable Micropower Voltage 
Regulator is a low power, high efficiency positive voltage 
regulator which accepts 1.6V to 16V inputs and provides 
adjustable outputs from 1.3V to 16V at currents up to 40mA. 


It is a direct replacement for the industry standard ICL7663B 
offering wider operating voltage and temperature ranges, 
improved output accuracy (ICL7663SA), better temperature 
coefficient, guaranteed maximum supply current, and 
guaranteed line and load regulation. All improvements are 
highlighted in the electrical characteristics section. Critical 
parameters are guaranteed over the entire commercial 
and Industrial temperature ranges. The |ICL7663S/SA 
programmable output voltage is set by two external 
resistors. The 1% reference accuracy of the ICL7663SA 
eliminates the need for trimming the output voltage in most 
applications. 


The ICL7663S is well suited for battery powered supplies, 
featuring 4A quiescent current, low Vin to Vout differential, 
output current sensing and logic input level shutdown 
control. In addition, the ICL7663S has a_ negative 
temperature coefficient output suitable for generating a 
temperature compensated display drive voltage for LCD 
displays. 


The ICL7663S is available in either an 8 lead Plastic DIP, 
Ceramic DIP, or SOIC package. 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


| ICL7663SCBA | 0°C to +70°C 


a L7663SCPA 
ICL7663SACBA 
ICL7663SACPA 
ICL7663SIBA 
ICL7663SIPA 
ICL7663SAIBA 
ICL7663SAIPA 


ICL7663SAIJA 


8 Lead SOIC }8LeadSOIC(N) 


BFC waeC 
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Specifications ICL7663S 


Absolute Maximum Ratings Thermal Information 
(DUE SY VOUBGE, «cca kcdecanxenaerdasuw eens exes +18V Thermal Resistance Oya Bjc 
Any Input or Output Voltage (Note 1) Ceramic DIP Package............... 115°C/\W = 30°C/W 
Terminals 1, 2,3, 5,6, 7 .cvcusesveeens Vint0.3V to GND-0.3V Plastic DIP Package ................ 150°C/W - 
Output Source Current Plastic SOIC Package............... 180°C/W - 
WO 2 565 2658546 wsaiewe She HEE oe RRESE Cae eeRs 50mA Maximum Junction Temperature 
TON Diva coeneenins eee ere vae sete nudes ekeenns 25mA Piast DIP PaChAGG 60 owe nies a0 ese ek wae nad eee +150°C 
Output Sinking Current er PA ox ced ender aera ee sexwnnenon shes +175°C 
TOME 8 noc soxee cad eorkta Rk eakeedaweneseaesanens -10mA Storage Temperature Range.................. -65°C to +150°C 
Lead Temperature (Soldering 10s)................008. +300°C 


(SOIC - Lead Tips Only) 
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Operating Conditions 


Operating Temperature Range 
ICLIQGGISG cs excee gare vakese dea eens deen ewes 0°C to +70°C 
PA CGE Ol din cesdtdnestubscawewece es cuban -25°C to +85°C 


Electrical Specifications Specifications Below Applicable to Both ICL7663S and ICL7663SA, Unless Otherwise Specified. 
V+in = 9V, Vour = 5V, Ta = +25°C, Unless Otherwise Specified. Notes 4, 5. See Test Circuit, Figure 7 


[PARAMETERS [SYMBOL [ ____TESTCONDITIONS _____|_WIN_| TYP | WAX | UNITS 


Input Voltage V+ ICL7663S pTa=t25°C | 15 |e 
ae eee [ef 
PCT <s86°S | 18 | 

ELTA — 


Quiescent Current 1.4V < Voyt < 8.5V, No Load a ae 
[PCT<a7O | 
[25°C <q < 185 | 
[aC <Th< 988 [TT 


Reference Voltage louti = 100A, Vout = Vset 


ICL7663S T, = +25°C 


ICL7663SA Ty = +25°C 


Temperature AVset 0°C < Ty < +70°C 
Coefficient AT -25°C < Ty < +85°C 


Line Regulation AVser | 2V<Viy < 15V 
lea] oer 
Vser Input Current Iser 0°C < Ty < +70°C 
[Shutdown inporurent [Town [| 
Shutdown Input Voltage VsHoN Vsypn HI: Both Voyry Disabled 
[Sense PininputGurent [Tense | 


old 


Input-Output Saturation Reat V+in = 2V, lout; = 1MA 
Resistance (Note 2) Vw = 9V, lout, = 2mA 


V+in = 15V, lout1 = 5mA 
Load Regulation AVout 1MA < loyt2 < 20MA 
Alour | SOWA < lout; < SMA 


7-139 


REGULATORS/ 
POWER SUPPLIES 


Specifications ICL7663S 


Electrical Specifications Specifications Below Applicable to Both ICL7663S and ICL7663SA, Unless Otherwise Specified. 
V+in = 9V, Vout = 5V, Ta = +25°C, Unless Otherwise Specified. Notes 4, 5. See Test Circuit, Figure 7 
(Continued) 


[PARAMETERS [SYMBOL | ___TESTCONDIIONS | _MIN_| TYP | MAX | UNITS 


Available Output Current lout 3V < Vin Ss 16V, Vin - Voute = 1.5V mA 
(Vouta) 


Rogaive Topco Oba Onan Grea Vase ee Le 
(Note 3) Maximum Sink Current 
AT 


Temperature Coefficient Open Circuit ahi mV/°C 

Minimum Load Current luminy | Includes Vser Divider Ty, = +25°C Fos fl te 
POT <PS |__| 0? | BO 
BCT <8 | | 02 peo 


NOTES: 


1. Connecting any terminal to voltages greater than (V+), + 0.3V) or less than (GND - 0.3V) may cause destructive device latch-up. It is 
recommended that no inputs from sources operating on external power supplies be applied prior to ICL7663S power-up. 


2. This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voltage differential at low current 
(under 5mA), can be determined by multiplying the load current (including set resistor current, but not quiescent current) by this 
resistance. 


3. This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at Vse7, a negative 
coefficient results in the output voltage. See Figure 9 for details. Pin will not source current. 


4. All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. 
5. All significant improvements over the industry standard ICL7663 are highlighted. 


Functional Diagram 
oe WO, von 
a Re dics 
<q 
O SENSE 


Vtc 


© SHUTDOWN 


4 
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Typical Performance Curves 


5.000 3 
woos LUI TUM 
asoo LIM UH 


4.985 | 
4.980 
4.975 
4.970 
4.965 
4.960 
4.955 
4.950 


Vout (V) 


107% 10° 10° 10! 10? 
lout (mA) 


FIGURE 1. Voyt2 OUTPUT VOLTAGE AS A FUNCTION OF 
OUTPUT CURRENT 


dh 
So 
& 


V+w - Vout! (VY) 


0 5 10 #15 20 25 30 35 40 45 50 
lout2 (mA) 


FIGURE 3. Voyt2 INPUT-OUTPUT DIFFERENTIAL vs OUTPUT 
CURRENT 


Io (A) 


8 
V+in (V) 


FIGURE 5. QUIESCENT CURRENT AS A FUNCTION OF INPUT 
VOLTAGE 
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V+in - Vout! (V) 


0 2 4 6 8 10 12 14 16 18 20 
lout: (mA) 


FIGURE 2. Voy7; INPUT-OUTPUT DIFFERENTIAL vs OUTPUT 
CURRENT 


UTE TTT TTI PUTIN PU 
Ta a 
TEN UM TTT arte 


PSII] Vin = +9.0V 


SS UE EA 


PSRR (dB) 
° 


10° 10°! 10° 10! 102 ge 
FREQUENCY (Hz) 


FIGURE 4. INPUT POWER SUPPLY REJECTION RATIO 


TEMPERATURE (°C) 


FIGURE 6. QUIESCENT CURRENT AS A FUNCTION OF TEM- 
PERATURE 
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Detailed Description 


The ICL7663S is a CMOS integrated circuit incorporating all 
the functions of a voltage regulator plus protection circuitry 
on a single monolithic chip. Referring to the Functional Dia- 
gram, the main blocks are a bandgap-type voltage reference, 
an error amplifier, and an output driver with both PMOS and 
NPN pass transistors. 


The bandgap output voltage, trimmed to 1.29V + 15mV for 
the ICL7663SA, and the input voltage at the Vser terminal 
are compared in amplifier A. Error amplifier A drives a 
P-channel pass transistor which is sufficient for low (under 
about 5mA) currents. The high current output is passed by 
an NPN bipolar transistor connected as a follower. This 
configuration gives more gain and lower output impedance. 


Logic-controlled shutdown is implemented via a N-channel 
MOS transistor. Current-sensing is achieved with 
comparator C, which functions with the Voyt2 terminal. The 
ICL7663S has an output (Vrc) from a buffer amplifier (B), 
which can be used in combination with amplifier A to 
generate programmable-temperature-coefficient output 
voltages. 


The amplifier, reference and comparator circuitry all operate 
at bias levels well below 1pA to achieve extremely low 
quiescent current. This does limit the dynamic response of 
the circuits, however, and transients are best dealt with 
outside the regulator loop. 


Basic Operation 


The ICL7663S is designed to regulate battery voltages in the 
5V to 15V region at maximum load currents of about 5mA to 
30mA. Although intended as low power devices, power dissi- 
pation limits must be observed. For example, the power dis- 
sipation in the case of a 10V supply regulated down to 2V 
with a load current of 30mA clearly exceeds the power dissi- 
pation rating of the Mini-DIP: 


(10 - 2) (30) (10°) = 240mw 
The circuit of Figure 8 illustrates proper use of the device. 


CMOS devices generally require two precautions: every 
input pin must go somewhere, and maximum values of 
applied voltages and current limits must be rigorously 
observed. Neglecting these precautions may lead to, at the 
least, incorrect or nonoperation, and at worst, destructive 
device failure. To avoid the problem of latchup, do not apply 
inputs to any pins before supply voltage is applied. 


Input Voltages - The ICL7663S accepts working inputs of 
1.5V to 16V. When power is applied, the rate-of-rise of the 
input may be hundreds of volts per microsecond. This is 
potentially harmful to the regulators, where internal operat- 
ing currents are in the nanoampere range. The 0.047pF 
capacitor on the device side of the switch will limit inputs to a 
safe level around 2V/us. Use of this capacitor is suggested in 
all applications. In severe rate-of-rise cases, it may be advis- 
able to use an RC network on the SHutDowN pin to delay 
Output turn-on. Battery charging surges, transients, and 
assorted noise signals should be kept from the regulators by 
RC filtering, zener protection, or even fusing. 


(7663 ONLY) 


CL 


0 1.4V < VsHpn < V+iNn 


NOTES: 
1. S, when closed disables output current limiting. 
2. Close Sg for Voyt;, open Sz for VoyTe. 

3. Ro + R, 
Vout = 


Vset- 


4. 1|Q quiescent currents measured at GND pin by meter M. 
5. S, when ON, permits normal operation, when OFF, shuts 
down both Vouti and Vout2: 


FIGURE 7. ICL7663S TEST CIRCUIT 


Output Voltages - The resistor divider R,/R, is used to 
scale the reference voltage, Vs¢z, to the desired output using 
the formula Vout = (1 + Ro/R;) Vser. Suitable arrangements 
of these resistors, using a potentiometer, enables exact 
values for Voyr to be obtained. In most applications the 
potentiometer may be eliminated by using the ICL7663SA. 
The ICL7663SA has Vs_er7 voltage guaranteed to be 1.29V 
+15mV and when used with +1% tolerance resistors for R, 
and Rz the initial output voltage will be within +2.7% of ideal. 


The low leakage current of the Vse7 terminal allows R, and 
R» to be tens of megohms for minimum additional quiescent 
drain current. However, some load current is required for 
proper operation, so for extremely low-drain applications it is 
necessary to draw at least 11,A. This can include the current 
for Rp and R. 


Output voltages up to nearly the Vij, supply may be obtained 
at low load currents, while the low limit is the reference 
voltage. The minimum input-output differential in each 
regulator is obtained using the Voyt;, terminal. The input- 
output differential increases to 1.5V when using Voyto. 


Output Currents - Low output currents of less than 5mA are 
obtained with the least input-output differential from the 
Vouti terminal (connect Voyte2 to Vout). Where higher cur- 
rents are needed, use Voyte (Vout, should be left open in 
this case). 


High output currents can be obtained only as far as package 
dissipation allows. It is strongly recommended that output 
Ccurrent-limit sensing be used in such cases. 


Current-Limit Sensing - The on-chip comparator (C in the 
Functional Diagram) permits shutdown of the regulator 
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output in the event of excessive current drain. As Figure 8 
shows, a Current-limiting resistor, Rco,, is placed in series 
with Voyt2 and the SENSE terminal is connected to the load 
side of Re,. When the current through Ro, is high enough to 
produce a voltage drop equal to Vc, (0.5V) the voltage 
feedback is by-passed and the regulator output will be 
limited to this current. Therefore, when the maximum load 
current (l_oap) is determined, simply divide Vo, by ILoap to 
obtain the value for Roy. 


CL 


FIGURE 8. POSITIVE REGULATOR WITH CURRENT LIMIT 


Logic-Controllable Shutdown - When equipment is not 
needed continuously (@.g., in remote data-acquisition 
systems), it is desirable to eliminate its drain on the system 
until it is required. This usually means switches, with their 
unreliable contacts. Instead, the ICL7663S can be shut 
down by a logic signal, leaving only Iq (under 4yA) as a 
drain on the power source. Since this pin must not be left 
open, it should be tied to ground if not needed. A voltage of 
less than 0.3V for the ICL7663S will keep the regulator ON, 
and a voltage level of more than 1.4V but less than V+, will 
turn the outputs OFF. If there is a possibility that the control 
signal could exceed the regulator input (V+i,,) the current 
from this signal should be limited to 100#A maximum by a 
high value (1MQ) series resistor. This situation may occur 
when the logic signal originates from a system powered 
separately from that of the regulator. 


Additional Circuit Precautions - This regulator has poor 
rejection of voltage fluctuations from AC sources above 10Hz 
or so. To prevent the output from responding (where this might 
be a problem), a reservoir capacitor across the load is advised. 
The value of this capacitor is chosen so that the regulated out- 
put voltage reaches 90% of its final value in 20ms. From: 
-3 
fie 6-0 a hare eee) nog OT 


O.9Vour ——- Vout 


In addition, where such a capacitor is used, a current-limiting 
resistor is also suggested (see “Current-Limit Sensing’). 


Producing Output Voltages with Negative Temperature 
Coefficients - The ICL7663S has an additional output which 
is 0.9V relative to GND and has a tempco of +2.5mV/°C. By 
applying this voltage to the inverting input of amplifier A (i.e., 
the Vse_r pin), output voltages having negative TC may be 
produced. The TC of the output voltage is controlled by the 
R,/R3 ratio (see Figure 9 and its design equations). 


Ry Ro 


Vout 


+ 
T™ 
R2\ Re 
EQ. 1: Vout = Vset ( +— )s —(Vs_et - Vc) 
Ry Rg 


R 
EQ.2: TCVoyt= - = (TC Vrc) in mvPC 
3 


Where: Vse7 = 1.3V 
Vtc = 0.9V 
TCVt¢ = +2.5mV/°C 


FIGURE 9. GENERATING NEGATIVE TEMPERATURE 
COEFFICIENTS 


Applications 
Boosting Output Current with External Transistor 


The maximum available output current from the ICL7663S is 
40mA. To obtain output currents greater than 40mA, an exter- 
nal NPN transistor is used connected as shown in Figure 10. 


EXTERNAL PIN 


FIGURE 10. BOOSTING OUTPUT CURRENT WITH EXTERNAL 
TRANSISTOR 
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Generating a Temperature Compensated Display Drive 
Voltage 


Temperature has an important effect in the variation of temperature compensated display voltage, Vpis~h can be 
threshold voltage in multiplexed LCD displays. As generated using the ICL7663S. This is shown in Figure 11 
temperature rises, the threshold voltage goes down. For _ for the ICM7233 triplexed LCD display driver. 

applications where the display temperature varies widely, a 


+5V 


LOGIC 


SYSTEM, 
PROCESSOR, 
ETC. 


GND o 


FIGURE 11. GENERATING A MULTIPLEXED LCD DISPLAY DRIVE VOLTAGE 
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Features 


e Guaranteed 10.A Maximum Quiescent Current Over 
Temperature 


Guaranteed Wider Operating Voltage Range Over 
Entire Operating Temperature Range 


2% Threshold Accuracy (ICL7665SA) 
Dual Comparator with Precision Internal Reference 


100ppm/°C Temperature Coefficient of Threshold 
Voltage 


100% Tested at 2V 
Output Current Sinking Ability Up to 20mA 


Individually Programmable Upper and Lower Trip 
Voltages and Hysteresis Levels 


Applications 

e Pocket Pagers 

e Portable Instrumentation 
Charging Systems 
Memory Power Back-Up 
Battery Operated Systems 
Portable Computers 
Level Detectors 


Pinout 
ICL7665S (SOIC, PDIP, CerDIP) 
TOP VIEW 


ouT1 [1] 
HYST1 [2] 
SET1 [3 
GND [4 


18] V+ 

OUT 2 
6] SET 2 
'S] HYST 2 


Description 


The ICL7665S Super CMOS Micropower Over/Under 
Voltage Detector contains two low power, individually 
programmable Voltage detectors on a single CMOS chip. 
Requiring typically 3A for operation, the device is intended 
for battery-operated systems and instruments which require 
high or low voltage warnings, settable trip points, or fault 
monitoring and correction. The trip points and hysteresis of 
the two voltage detectors are individually programmed via 
extemal resistors. An internal bandgap-type reference 
provides an accurate threshold voltage while operating from 
any supply in the 1.6V to 16V range. 


The ICL7665S, Super Programmable Over/Under Voltage 
Detector is a direct replacement for the industry standard 
ICL7665B offering wider operating voltage and temperature 
ranges, Improved threshold accuracy (ICL7665SA), and 
temperature coefficient, and guaranteed maximum supply 
current. All improvements are highlighted in the electrical 
characteristics section. All critical parameters are 
guaranteed over the entire commercial and industrial 
temperature ranges. 


Ordering Information 


| rarrwumsen |" "RANGE | PACKAGE 
PART NUMBER RANGE 

"to +70" 
ICL7665SACPA 
40°C to 185°C 

ICL7665SIJA 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications ICL7665S 


Absolute Maximum Ratings Thermal Information 
Supply Voltage (Note 2)... .... cee eee eee eee eee -0.3to+18V Thermal Resistance Oya Bic 
Output Voltages OUT1 and OUT2................ -0.3V to 18V Ceramic DIP Package............... 115°C/W = 30°C/W 
(with respect to GND) (Note 2) Plastic DIP Package ................ 150°C/W . 
Output Voltages HYST1 and HYST2............. 0.3V to +18V Plastic SOIC Package............... 180°C/W - 
(with respect to V+) (Note 2) Maximum Junction Temperature (Plastic).............. +150°C 
Input Voltages SET1 and SET2...... (GND-0.3V) to (V+ V- +0.3V) | Maximum Junction Temperature (CerDIP) +175°CStorage Tempera- 
(Note 2) U6 FON nuns cnavnanccnesasneesesese ox -65°C to +150°C 
Maximum Sink Output OUT1 and OUT2 ................. 25mA ___ Lead Temperature (Soldering 10s) ...............0008. +300°C 
Maximum Source Output Current (SOIC - Lead Tips Only) 
YS 1 GOO HY Slee is cass oveeesd owes een sen scarves -25mA 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Temperature Range 
Nl COU 66 e ak nk OR Oe he eROE NER OGWs7TO  I(WLTGESS) . «cswecceccdwea nus eidd cus euewnees -40°C to +85°C 


Electrical Specifications The specifications below are applicable to both the ICL7665S and ICL7665SA. V+ = 5V, T, = +25°C, 
Test Circuit Figure 7. Unless Otherwise Specified 


[Panaweren —[swweo | —‘Tesrcowomions [wi [ Tv | wax [UNS 
aeeeare ee 
fe 


ICL7665SA 0°C < Ty < +70°C 


Supply Current GND < |GND < Veer, VsereSV+, All Outputs Open Circuit Vset2 < V+, All Outputs Open Circuit 
= ek I (ic i ee 
Ca oe ce ee 
ra LL 
ee 


< 


<j < 


< 


Input Trip Voltage | Veer: | ICL7665S 


Vser: | ICL7665SA 
Temperature Coefficient of AVser ICL7665S 
Supply Voltage Sensitivity of Routi» Routa: Ruysti Ranyst2 = 1MQ, 
a ave | 2VSV+s 10V 


Output Leakage Currents of 
OUT and HYST 


< 
nN 


Output Saturation Voltages 
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Electrical Specifications The specifications below are applicable to both the ICL7665S and ICL7665SA. V+ = 5V, T, = +25°C, 
Test Circuit Figure 7. Unless Otherwise Specified (Continued) 


[raraweren —[evwsor [vest cowomons [wan] [wax [ons 
Supt Seaton Voge ce OF 
i OA 
very i i oe [ato 


< 


< 
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Output Saturation Voltages 


< 


Output Saturation Voltages 


aa [ae [v_ 


< 


< 


Lod 
— 
=a 
=z 
ca 
arreaamatoret| eer [OO 
A Input for Complete Output Rout = 4.7kQ, IcL766sS te 

a 

eu 


Change Ruyst = 20kQ, 
Voutia (ev, | ETROSEe 
VoutHl = 99%V+ 
Difference in Trip Voltages Vset1- | Rout: Ruyst = 1mW 
VseT2 
Output/Hysteresis Rout: Ruyst = imW | ICL7665S 
Difference ICL7665SA 


NOTES: 
1. Derate above +25°C ambient temperature at 4mW/°C 
2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages greater than 
(V+ +0.3V) or less than (GND - 0.3V) may cause destructive device latchup. For these reasons, it is recommended that no inputs from 
external sources not operating from the same power supply be applied to the device before its supply is established, and that in multiple 
supply systems, the supply to the ICL7665S be turned on first. If this is not possible, current into inputs and/or outputs must be limited to 
+0.5mA and voltages must not exceed those defined above. 


3. All significant improvements over the industry standard ICL7665 are highlighted. 


AC Electrical Specifications 


[Panawever —[svwso_[ vest conomons [ww [WP] wa_[ Uns 


OUTPUT DELAY TIMES 


Input Going HI Vser Switched between 1.0V to 1.6V 
Rout = 4.7kQ, CL = 12pF 
Ruyst = 20kQ, CL = 12pF 


: 


Input Going LO Vser Switched between 1.6V to 1.0V 
Rout = 4.7kQ, C. = 12pF 
Ruyst = 20kQ, Cc. = 12pF 


a | ae 
a 
ae 
ee me 
a 
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Specifications ICL7665S 


AC Electrical Specifications (Continued) 


[PARAMETER SvWBOL_[ __YESYCONDITIONS [WN [TYP | MAK | UNITS 


Output Rise Times Vser Switched between 1.0V to 1.6V 
Rout = 4.7kQ, Cy = 12pF 
Ruyst = 20kQ, CL = 12pF 


: 


Vser Switched between 1.0V to 1.6V 
Rout = 4.7kQ, CL = 12pF 
Ruyst = 20kQ, CL = 12pF 


Output Fall Times 


Functional Block Diagram 


V+ 


- 
SET1 ¢ —< 
el | diiila 
SET2 oc ap 
9 OUT1 
7 
» GND 


CONDITIONS (Note 1) 

Vset; > 1.3V, OUT1 Switch ON, HYST1 Switch ON 
Vset1 < 1.3V, OUT1 Switch OFF, HYST1 Switch OFF 
VseET2 > 1.3V, OUT2 Switch OFF, HYST2 Switch ON 
Vsete < 1.3V, OUT2 Switch ON, HYST2 Switch OFF 


NOTE: 
1. See Electrical Specificationsfor exact thresholds. 
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Typical Performance Curves 


VOLTAGE SATURATION (V) 
VOLTAGE SATURATION (V) 


loyTOUT1 (mA) loyTOUT2 (mA) 
FIGURE 1. OUT1 SATURATION VOLTAGE AS A FUNCTION OF FIGURE 2. OUT2 SATURATION VOLTAGE AS A FUNCTION OF 
OUTPUT CURRENT OUTPUT CURRENT 


HYST1 OUTPUT SATURATION VOLTAGE (V) 
HYST2 OUTPUT SATURATION VOLTAGE (V) 


Bs 

> &, 

Oa 

>a) 

$m 

> c 

eens SIRUEE ese Memletoaeeta LOlie HYST2 OUTPUT CURRENT (mA) O > 

FIGURE3. HYST1 OUTPUTSATURATIONVOLTAGEvsHYST1 = FIGURE 4. HYST2 OUTPUT SATURATION VOLTAGE vs HYST2 - 4 
OUTPUT CURRENT OUTPUT CURRENT 


SUPPLY CURRENT (yA) 
SUPPLY CURRENT (yA) 


0 
-25 0 +20 +40 +60 0 2 4 } 8 10 12 14 16 
AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V+) 


FIGURE 5. SUPPLY CURRENT AS A FUNCTION OF AMBIENT FIGURE 6. SUPPLY CURRENT AS A FUNCTION OF SUPPLY 
TEMPERATURE VOLTAGE 
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Detailed Description 


As shown in the Functional Diagram, the ICL7665S consists 
of two comparators which compare input voltages on the 
SET1 and SET2 terminals to an internal 1.3V bandgap 
reference. The outputs from the two comparators drive open- 
drain N-channel transistors for OUT1 and OUT2, and open- 
drain P-channel transistors for HYST1 and HYST2 outputs. 
Each section, the Under Voltage Detector and the Over 
Voltage Detector, is independent of the other, although both 
use the internal 1.3V reference. The offset voltages of the 
two comparators will normally be unequal so Vg_er7, will 
generally not quite equal Vs_ro. 


The input impedance of the SET1 and SET2 pins are 
extremely high, and for most practical applications can be 
ignored. The four outputs are open-drain MOS transistors, 
and when ON behave as low resistance switches to their 
respective supply rails. This minimizes errors in setting up 
the hysteresis, and maximizes the output flexibility. The 
operating currents of the bandgap reference and the 
comparators are around 100nA each. 


FIGURE 7. TEST CIRCUITS 


Precautions 


Junction isolated CMOS devices like the ICL7665S have an 
inherent SCR or 4-layer PNPN structure distributed through- 
out the die. Under certain circumstances, this can be 
triggered into a potentially destructive high current mode. 
This latchup can be triggered by forward-biasing an input or 
output with respect to the power supply, or by applying 
excessive supply voltages. In very low current analog cir- 
cuits, such as the ICL7665S, this SCR can also be triggered 
by applying the input power supply extremely rapidly 
(“instantaneously”), e.g. through a low impedance battery 
and an ON/OFF switch with short lead lengths. The rate-of- 
rise of the supply voltage can exceed 100V/s in such a cir- 
cuit. A low impedance capacitor (@.g., 0.05uF disc ceramic) 


between the V+ and GND pins of the ICL7665S can be used 
to reduce the rate-of-rise of the supply voltage in battery 
applications. In line operated systems, the rate-of-rise of the 
supply is limited by other considerations, and is normally not 
a problem. 


If the SET voltages must be applied before the supply 
voltage V+, the input current should be limited to less than 
0.5mA by appropriate external resistors, usually required for 
voltage setting anyway. A similar precaution should be taken 
with the outputs if it is likely that they will be driven by other 
circuits to levels outside the supplies at any time. 


ysetts ee 
wate toir 
tor mo V+ 
GND 
tsH1D thie 
thin Y) 
HYST1 tSH4 D PaPLLIL GND 
tso2p 15020 
t O2F V+ 
OUT2 i 5 \ et 
eowcere. GND 
tsH2p tSH2p 
tHon = thor - 
HYST2 - PIeIIs#s GND 


FIGURE 8. SWITCHING WAVEFORMS 


Simple Threshold Detector 


Figure 9 shows the simplest connection of the ICL7665S for 
threshold detection. From the graph 9B, it can be seen that 
at low input voltage OUT1 is OFF, or high, while OUT2 is 
ON, or low. As the input rises (e.g., at power-on) toward 
Vnom (usually the eventual operating voltage), OUT2 goes 
high on reaching Vrpp. If the voltage rises above Vuoy as 
much as Vrp;, OUT1 goes low. The equation giving Vs¢r, 
and Vseto are from Figure 9A: 


is : Vsete = Vin ae 
(Ry, + Roy) (Ry2 + Ro) 


Since the voltage to trip each comparator is nominally 1.3V, 
the value Vy for each trip point can be found from 


Vser1 = Vin ——— 


Ry, + Ry,+R 
Mery = Very AR + Ra) 1g ft Pey) tor detector 1 
Ris Ry 
and 
Ryo +R Ryo +R 
—_—. — = 1.9 R12 Rea) tor detector 2 
12 Ria 
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Vin Either detector may be used alone, as well as both together, 


in any of the circuits shown here. 
Rei 
V+ 
OUT1 OUT2 Roo 


FIGURE 9A. CIRCUIT CONFIGURATION Figure 10A shows how to set up such hysteresis, while 
Figure 10B shows how the hysteresis around each trip point 
produces switching action at different points depending on 


Vout 
OFF _ whether Vj, is rising or falling (the arrows indicated direction 
of change. The HYST outputs are basically switches which 
short out R3;, or Rao when Vix is above the respective trip 
xl point. Thus if the input voltage rises from a low value, the trip 
point will be controlled by Rij, Ron, and Rey, until the trip 
22 point is reached. As this value is passed, the detector 
changes state, R3y is shorted out, and the trip point 
ON becomes controlled by only Ry,y and Ron, a lower value. The 
Vtr2 NO 


When Vix, is very close to one of the trip voltage, normal 
variations and noise may cause it to wander back and forth 
across this level, leading to erratic output ON and OFF 
conditions. The addition of hysteresis, making the trip points 
slightly different for rising and falling inputs, will avoid this 
condition. 


Threshold Detector with Hysteresis 


VNOM Vrri input will then have to fall to this new point to restore the 
initial comparator state, but as soon as this occurs, the trip 

DETECTOR 2 See DETECTOR 1 | point will be raised again. 
An alternative circuit for obtaining hysteresis is shown in 
FIGURE 9B. TRANSFER CHARACTERISTICS Figure 11. In this configuration, the HYST pins put the extra 
FIGURE 9. SIMPLE THRESHOLD DETECTOR resistor in parallel with the upper setting resistor. The values 
Vin of the resistors differ, but the action is essentially the same. 
The governing equations are given in Table 1. These ignore 


the effects of the resistance of the HYST outputs, but these 
can normally be neglected if the resistor values are above 


| ! about 100kQ. rr ul 
$ Ros ae Roo 3 Vireo = op = gett for detector 2 5 a 
SET1  SET2 5 
' _ OUT! —OUT2 - 6 
OVERVOLTAGE OVERVOLTAGE VIN fc 5S 
Ri Ri2 = 
Took 
FIGURE 10A. CIRCUIT CONFIGURATION Ro ¢ ouT: “ out2 ; 
OUT Roi R32 
ON HYST1 HYST2 
SET1 — SET2 
= 
OFF =“ hostile | Vg FIGURE 11. AN ALTERNATIVE HYSTERESIS CIRCUIT 
VNOM 


DETECTOR 2 ane DETECTOR 1 a 


FIGURE 10B. TRANSFER CHARACTERISTICS 
FIGURE 10. THRESHOLD DETECTOR WITH HYSTERESIS 
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TABLE 1. SET-POINT EQUATIONS 


NO HYSTERESIS 


Over-Voltage Vrpip 


Over-Voltage Vrpip 


HYSTERESIS PER FIGURE 10A 


Ray + Roy + R31 


Vu1 = X Vsery 


Ris 
Over-Voltage Vrpip 
Ryy + Ray 
Ris 
Ri2 + Rog + Rap 
Rie 
Under-Voltage Vrpip 
Ri2 + Roo 
Ri2 
Ry, + Roy 
Ris 
Over-Voltage Vrpip 
RayRay 
Ra; + Ray 
Ris 
Ri2 + Rog 
Ri2 
Over-Voltage Vrpip 
R2aRse 


Vir = X Vsers 


Vu2 = X Vset2 


X Vsete2 


Viz = 


X Vser1 


Vu1 = 


Ry + 


X VseTs 


X Verte 


Rio + 


Roo +R3o * Vsete2 
Ri2 


Applications 
Single Supply Fault Monitor 


Figure 12 shows an over/under voltage fault monitor for a 
single supply. The over voltage trip point is centered around 
5.5V and the under voltage trip point is centered around 
4.5V. Both have some hysteresis to prevent erratic output 
ON and OFF conditions. The two outputs are connected in a 
wired OR configuration with a pullup resistor to generate a 
power OK signal. 


9 +5V SUPPLY 


V+ 249KQ > Roo 
HYST2 


HYST1 


OPEN VOLTAGE 


DETECTOR 
OPEN VOLTAGE V+ vi im 1 ro 
DETECTOR _ 
Vy = 5.55V 
V, = 5.45V 


POWER 
OK 
FIGURE 12. FAULT MONITOR FOR A SINGLE SUPPLY 


Multiple Supply Fault Monitor 


The ICL7665S can simultaneously monitor several supplies 
when connected as shown in Figure 13. The resistors are 
chosen such that the sum of the currents through Ro,,, 
Roig, and Rg; is equal to the current through R,, when the 
two input voltage are at the desired low voltage detection 
point. The current through R,, at this point is equal to 1.3V/ 
R,;. The voltage at the Vse7 input depends on the voltage of 
both supplies being monitored. The trip voltage of one 
supply while the other supply is at the nominal voltage will be 
different that the trip voltage when both supplies are below 
their nominal voltages. 


The other side of the ICL7665S can be used to detect the 
absence of negative supplies. The trip points for OUT1 
depend on both the negative supply voltages and the actual 
voltage of the +5V supply. 


p +5V 


V+ 


HYST1 HYST2 


OUT1 OUT2 


FIGURE 13. MULTIPLE SUPPLY FAULT MONITOR 
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Combination Low Battery Warning and Low 
Battery Disconnect 


When using rechargeable batteries in a system, it is 
important to keep the batteries from being overdischarged. 
The circuit shown in Figure 14 provides a low battery warn- 
ing and also disconnects the low battery from the rest of the 
system to prevent damage to the battery. OUT1 is used to 
shutdown the ICL7663S when the battery voltage drops to 
the value where the load should be disconnected. As long as 
Vset, is greater than 1.3V, OUT1 is low, but when Vge_e7, 
drops below 1.3V, OUT1 goes high shutting off the 
ICL7663S. OUT2 is used for low battery warning. When 
Vsete is greater than 1.3V, OUT2 is high and the low battery 
warning is on. When Vsero drops below 1.3V, OUT2 is low 
and the low battery waming goes off. The trip voltage for low 
battery warning can be set higher than the trip voltage for 
shutdown to give advance low battery warning before the 
battery is disconnected. 


+ Roy 


OUT1 GND OUT2 


UNREGULATED 
DC INPUT 


Power Fail Warning and Powerup/Powerdown Reset 


Figure 15 shows a power fail warning circuit with powerup/ 
powerdown reset. When the unregulated DC input is above 
the trip point, OUT1 is low. When the DC input drops below 
the trip point, OUT1 shuts OFF and the power fail warning 
goes high. The voltage on the input of the 7805 will continue 
to provide 5V out at 1A until Vix is less than 7.3V, this circuit 
will provide a certain amount of warning before the 5V output 
begins to drop. 


The ICL7665S OUT2 is used to prevent a microprocessor 
from writing spurious data to a CMOS battery backup mem- 
ory by causing OUT2 to go low when the 7805 5V output 


drops below the ICL7665S trip point. 
+5V 
1A 


LOW BATTERY WARNING 


OUTI OUT2 


icL7663g SENSE 


SHUTDOWN 


BACKUP 
BATTERY 


RESET OR 
WRITE 
ENABLE 


POWER 
FAIL 
WARNING 


FIGURE 15. POWER FAIL WARNING AND POWERUP/POWERDOWN RESET 
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ICL7665S 


Simple High/Low Temperature Alarm 


Figure 16 illustrates a simple high/low temperature alarm 
which uses the ICL7665S with an NPN transistor. The 
voltage at the top of R, is determined by the Vpe- of the 
transistor and the position of R,’s wiper arm. This voltage 
has a negative temperature coefficient. R; is adjusted so 
that Vset2 equals 1.3¥V when the NPN _ transistor’s 
temperature reaches the temperature selected for the high 
temperature alarm. When this occurs, OUT2 goes low. Ro is 
adjusted so that Vsge7, equals 1.3V when the NPN 
transistor’s temperature reaches the temperature selected 
for the low temperature alarm. When the temperature drops 
below this limit, OUT1 goes low. 


TEMPERATURE 
SENSOR 
(GENERAL PURPOSE 
NPN TRANSISTOR) 


10KQ 
HIGH 
TEMPERATURE 
LIMIT ADJUST 


HYST1 


AC Power Fall and Brownout Detector 


Figure 17 shows a circuit that detects AC undervoltage by 
monitoring the secondary side of the transformer. The 
capacitor, C,, is charged through R; when OUT1 is OFF. 
With a normal 100 VAC input to the transformer, OUT1 will 
discharge C, once every cycle, approximately every 16.7ms. 
When the AC input voltage is reduced, OUT1 will stay OFF, 
so that C; does not discharge. When the voltage on C, 
reaches 1.3V, OUT2 turns OFF and the power fail warning 
goes high. The time constant, R,C,, is chosen such that it 
takes longer than 16.7ms to charge C, 1.3V. 


es | 


LOW TEMPERATURE 
LIMIT ADJUST 


HYST2 


ICL7665S 


ALARM SIGNAL 
FOR DRIVING 
LEDS, BELLS, 
ETC. 


FIGURE 16. SIMPLE HIGH/LOW TEMPERATURE ALARM 


20V 


CENTERED 
110VAC ! TAPPED 
60Hz TRANS. 


HYST1 


HYST2 


ICL7665S 


7805 
5V REGULATOR 


POWER FAIL 
WARNING 


FIGURE 17. AC POWER FAIL AND BROWNOUT DETECTOR 
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Features 


e Automatically Connects Output to the Greater of 
Either Input Supply Voltage 


If Main Power to External Equipment Is Lost, Circuit 
Will Automatically Connect Battery Backup 


Reconnects Main Power When Restored 

Logic Indicator Signaling Status of Main Power 

Low Impedance Connection Switches 

Low Internal Power Consumption 

Wide Supply Range: .................- 2.5V to 15V 
Low Leakage Between Inputs 


External Transistors May Be Added if Very Large 
Currents Need to Be Switched 


Applications 


¢ On Board Battery Backup for Real-Time Clocks, 
Timers, or Volatile RAMs 


e Over/Under Voltage Detector 
e Peak Voltage Detector 


e Other Uses: 
- Portable Instruments, Portable Telephones, Line 
Operated Equipment 


Pinouts 


ICL7673 (SOIC, PDIP) 
TOP VIEW 


18] Vp 
NC 
'6| Pear 
15| NC 


Vo L1] 
Vs [2] 
Sear (3. 
Gon [4] 


ICL7673 (CAN) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Automatic Battery Back-Up Switch 


Description 


The Harris |CL7673 is a monolithic CMOS battery backup 
circuit that offers unique performance advantages over con- 
ventional means of switching to a backup supply. The 
ICL7673 is intended as a low-cost solution for the switching 
of systems between two power supplies; main and battery 
backup. The main application is keep-alive-battery power 
switching for use in volatile CMOS RAM memory systems 
and real time clocks. In many applications this circuit will rep- 
resent a low insertion voltage loss between the supplies and 
load. This circuit features low current consumption, wide 
operating voltage range, and exceptionally low leakage 
between inputs. Logic outputs are provided that can be used 
to indicate which supply is connected and can also be used 
to increase the power switching capability of the circuit by 
driving external PNP transistors. 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 
ICL7673CPA 0°C to +70°C 8 Lead Plastic DIP 
ICL7673CBA 0°C to +70°C 8 Lead SOIC (N) 


ICL7673ITV -25°C to +85°C 8 Pin Metal Can 


Functional Block Diagram 


Vp > Vs, P1 SWITCH ON AND Pagan SWITCH ON 
Vs > Vp, P2 SWITCH ON AND Sgap SWITCH ON 


File Number 3183.1 
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Specifications ICL 7673 


Absolute Maximum Ratings Thermal Information 

Input Supply (Vp or Vs) Voltage............ GND - 0.3V to+18V Thermal Resistance Oya Bic 

Output Voltages Paap and Sgarn.......----- GND - 0.3V to +18V Plastic DIP Package 1.6. sacavcncesvs 150°C/W - 

Peak Current Plastic SOIC Package............... 180°C/W - 
Input Vp (at Vp = 5V) See Note. ........... eee ee eee 38mA Motel Can cisce cnc vnsendeneesecens 156°C/\W «6 8°C/W 
leplt Ve (el Va WON )o ccs vetecersactaundaxdcntsawans 30mA __ Lead Temperature (Soldering, 10sec)...............00 6 300°C 
Paar or Spar CG OER ASSHEE CHD DE SDDSEDEEE CDOS OE 5 150mA (SOIC - Lead Tips Only) 


NOTE: Derate above +25°C by 0.38mA/°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Temperature Range: 
LTD dots kak ean k Geka eee wnuederadeteee same 0°C to +70°C Storage Temperature ............ 0. cece eee -65°C to +150°C 
Tl sc kan oes hind Hd Odeon eas eOOREEeES -25°C to +85°C Lead Temperature (Soldering, 10s)................005. +300°C 


Electrical Specifications T, = +25°C Unless Otherwise Specified 


[PARAMETER | SYNBOL[ __TESTCONDITIONS MN [ TYP [WAX | UNITS 
We Ree Wrhow=onk es 

Vp. Vo= Bono = OTA 

Switch Resistance P1 (Note 1) Rosion)P1 


At Ta = +85°C 
Vp = 9V, Vs = 3V, lLoap = 15MA 


Vp = 12V, Vs = 3V, lLoaD = 15mA 


Temperature Coefficient of Switch Top1) Vp = 5V, Vs = 3V, ILoap = 15MA 
Resistance P1 


Switch Resistance P2 (Note 1) RosionyP2 Vp = OV, Vs as 3V, lLoap = imA 


At Ta = +85°C 
Vp = OV, Vs = 5V, ILoap = 1MA 


Vp = OV, Vs = QV, ILoaD = imA 


Resistance P2 

Leakage Current (Vp to Vs) ILyps) 
Leakage Current (Vp to Vs) lisp) Vp = OV, Vg = 3V, ILoap = 10MA 
| ee 


Open Drain Output Saturation Voppan | Vp=5V, Vs = 3V, Isink = 3.2MA, ILoap = OMA 
Voltages AtT, = +85°C 
Vp = OV, Vg = 3V, Igink = 3.2MA, ILoap = OMA 
Vp = 12V, Vg = 3V, Isink = 3.2MA 
lLoap = OMA 


Open Drain Output Saturation Vp = OV, Vs = 3V, Isink = 3.2MA, loan = OMA 


P| =) 


< 


313 
<|< 


=| 


3 


V 
V 
mV 


3 


3 3 : x 
afelalel efafalal|afale sl-/-lef= sl>l-faf== 


Voltages 
9 at Ta = +85°C 


Vp = OV, Vs = 5V, Isink = 3.2MA lLoap = OmA 


Vp = OV, Vs = QV, Isink = 3.2mMA lLoaD = OmA 


3 


S 
N 
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Specifications ICL7673 


Electrical Specifications T, = +25°C Unless Otherwise Specified (Continued) 


[__Paraweren ——[svwsot[_ves¥conommons [wit | Tv [ wax] UNS 
iron [venOuvenirhow=oma «dt | OL OY 
Ei 
ison [Ven UVorOrhow=omA «dt | | SY A 
En 


Switchover Uncertainty for Com- Vp-Vs_ | Vg =3V, Igink = 3.2MA, ILoap = 15mMA 
plete Switching of Inputs and Open 
Drain Outputs 


NOTE: 
1. The Minimum input to output voltage can be determined by multiplying the load current by the switch resistance. 


Typical Performance Curves 
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ICL7673 
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FIGURE 5. lz LEAKAGE CURRENT Vp TO Vs AS A FUNCTION 
OF INPUT VOLTAGE 


Detailed Description 


As shown in the Functional Diagram, the ICL7673 includes a 
comparator which senses the input voltages Vp and Vs. The 
Output of the comparator drives the first inverter and the 
open-drain N-Channel transistor Pgapr. The first inverter 
drives a large P-Channel switch, P1, a second inverter, and 
another open-drain N-Channel transistor, Sgap. The second 
inverter drives another large P-Channel switch P2. The 
ICL7673, connected to a main and a backup power supply, 
will connect the supply of greater potential to its output. The 
circuit provides break-before-make switch action as it 
switches from main to backup power in the event of a main 
power supply failure. For proper operation, inputs Vp and Vs 
must not be allowed to float, and, the difference in the two 
supplies must be greater than 50mV. The leakage current 
through the reverse biased parasitic diode of switch Pz is 
very low. 


Output Voltage 


The output operating voltage range is 2.5V to 15V. The 
insertion loss between either input and the output is a func- 
tion of load current, input voltage, and temperature. This is 
due to the P-Channels being operated in their triode region, 
and, the ON-resistance of the switches is a function of output 
voltage Vo. The ON-resistance of the P-Channels have pos- 
itive temperature coefficients, and therefore as temperature 
increases the insertion loss also increases. At low load cur- 
rents the output voltage is nearly equal to the greater of the 
two inputs. The maximum voltage drop across switch P1 or 


P2 is 0.5V, since above this voltage the body-drain parasitic 
diode will become forward biased. Complete switching of the 
inputs and open-drain outputs typically occurs in 50ys. 


Input Voltage 


The input operating voltage range for Vp or Vs is 2.5V to 
15V. The input supply voltage (Vp or Vs) slew rate should be 
limited to 2V per microsecond to avoid potential harm to the 
circuit. In line-operated systems, the rate-of-rise (or fall) of 
the supply is a function of power supply design. For battery 
applications it may be necessary to use a capacitor between 
the input and ground pins to limit the rate-of-rise of the sup- 
ply voltage. A low-impedance capacitor such as a 0.047pF 
disc ceramic can be used to reduce the rate-of-rise. 


Status Indicator Outputs 


The N-Channel open drain output transistors can be used to 
indicate which supply is connected, or can be used to drive 
external PNP transistors to increase the power switching 
capability of the circuit. When using external PNP power 
transistors, the output current is limited by the beta and ther- 
mal characteristics of the power transistors. The application 
section details the use of external PNP transistors. 


Applications 


A typical discrete battery backup circuit is illustrated in Fig- 
ure 6. This approach requires several components, substan- 
tial printed circuit board space, and high labor cost. It also 
consumes a fairly high quiescent current. The ICL7673 bat- 
tery backup circuit, illustrated in Figure 7, will often replace 
such discrete designs and offer much better performance, 
higher reliability, and lower system manufacturing cost. A 
trickle charge system could be implemented with an addi- 
tional resistor and diode as shown in Figure 8. A complete 
low power AC to regulated DC system can be implemented 
using the ICL7673 and ICL7663S micropower voltage regu- 
lator as shown in Figure 9. 


+5V co 


PRIMARY 
DC POWER 


5» STATUS 
INDICATOR 


GND o 


FIGURE 6. DISCRETE BATTERY BACKUP CIRCUIT 


Applications for the ICL7673 include volatile semiconductor 
memory storage systems, real-time clocks, timers, alarm 
systems, and over/under the voltage detectors. Other sys- 
tems requiring DC power when the master AC line supply 
fails can also use the ICL7673. 
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FIGURE 7. ICL7673 BATTERY BACKUP CIRCUIT 
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FIGURE 8. APPLICATION REQUIRING RECHARGEABLE 
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A typical application, as illustrated in Figure 12, would be a 
microprocessor system requiring a 5V supply. In the event of 
primary supply failure, the system is powered down, and a 
3V battery is employed to maintain clock or volatile memory 
data. The main and backup supplies are connected to Vp 
and Vs, with the circuit output Vo supplying power to the 
clock or volatile memory. The ICL7673 will sense the main 
supply, when energized, to be of greater potential than Vs 
and connect, via its internal MOS switches, Vp to output Vo. 
The backup input, Vs will be disconnected internally. In the 
event of main supply failure, the circuit will sense that the 
backup supply is now the greater potential, disconnect Vp 
from Vo, and connect Vs. 


Figure 11 illustrates the use of external PNP power transis- 
tors to increase the power switching capability of the circuit. 
In this application the output current is limited by the beta 
and thermal characteristics of the power transistors. 


If hysteresis is desired for a particular low power application, 
positive feedback can be applied between the input Vp and 
open drain output Spar, through a resistor as illustrated in 
Figure 12. For high power applications hysteresis can be 
applied as shown in Figure 13. 


The ICL7673 can also be used as a clipping circuit as illus- 
trated in Figure 14. With high impedance loads the circuit 
output will be nearly equal to the greater of the two input sig- 
nals. 
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FIGURE 10. TYPICAL MICROPROCESSOR MEMORY APPLICATION 
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FIGURE 11. HIGH CURRENT BATTERY BACKUP SYSTEM 
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FIGURE 12. LOW CURRENT BATTERY BACKUP SYSTEM WITH HYSTERESIS 
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FIGURE 13. HIGH CURRENT BACKUP SYSTEM WITH HYSTERESIS 


ICL7673 


FIGURE 14. CLIPPLING CIRCUITS 
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Gg HARRIS ICL82711, ICL8212 


April 1994 Programmable Voltage Detectors 

Features Description 

e High Accuracy Voltage Sensing and Generation The Harris 1CL8211/8212 are micropower bipolar monolithic 
integrated circuits intended primarily for precise voltage 

* Internal Reference 1.15V Typical detection and generation. These circuits consist of an 

e Low Sensitivity to Supply Voltage and Temperature accurate voltage reference, a comparator and a pair of 

Variations output buffer/drivers. 
e Wide Supply Voltage Range Typ. 1.8V to 30V Specifically, the ICL8211 provides a 7mA current limited out- 


put sink when the voltage applied to the ‘THRESHOLD’ 
* Essentially Constant Supply Current Over Full Supply terminal is less than 1.15V (the internal reference). The 


Voltage Range ICL8212 requires a voltage in excess of 1.15V to switch its 

¢ Easy to Set Hysteresis Voltage Range output on (no current limit). Both devices have a low current 
output (HYSTERESIS) which is switched on for input 

¢ Defined Output Current Limit ICL8211 voltages in excess of 1.15V. The HYSTERESIS output may 
¢ High Output Current Capability ICL8212 be used to provide positive and noise free output switching 


using a simple feedback network. 
Applications 


¢ Low Voltage Sensor/Indicator Ordering Information 


[eantwumoen | "“"Rance | PACKAGE 
PART NUMBER RANGE 


ICL8211MTY -55°C to +125°C | 8 Pin Metal Can 
(Note 1) 


ICL8212CPA 0°C to+70°C | 8 Lead Plastic DIP 
ICL8212CBA 0°C to+70°C | 8 Lead SOIC (N) 
ICL8212CTY 0°C to +70°C 


ICL8212MTY -55°C to +125°C | 8 Pin Metal Can 
(Note 1) 


NOTE: 
1. Add /883B to part number if 883B processing is required 


¢ High Voltage Sensor/Indicator 


e Nonvolatile Out-of-Voltage Range Sensor/indicator 


¢ Programmable Voltage Reference or Zener Diode 


e Series or Shunt Power Supply Regulator 


e Fixed Value Constant Current Source 


a 
BS 
co 
Oa 
eS 
<a 
cfr 
ws 
co 
a. 


Pinouts 
ICL8211 (PDIP, SOIC) ICL8211 (CAN) 
TOP VIEW TOP VIEW 
HYSTERESIS 
NC | 1] 8] V+ 
HYSTERESIS | 2) NC 
THRESHOLD | 3) 16} NC 
OUTPUT | 4) |5| GROUND 
GROUND 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 31 84.1 
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Functional Diagram 
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Specifications ICL8211, ICL8212 


Absolute Maximum Ratings Thermal Information 
SUNY VOURGS in cid nac covschs Veeddees deeeeax -0.5V to+30V Thermal Resistance Bia Bic 
OUR UGINOG 6 v5 cncawe coneps cass exces avenues -0.5V to +30V Plastic DIP Package ................ 150°C/W - 
Hysteresis Voltage ....... 0... 0c cece cece ee eee +0.5V to -10V Plastic SOIC Package............... 180°C/W - 
Threshold Input Voltage ............. +30V to -5V with respect to A CAN nites cnecusiens Chwanvns 156°C/W «68°C /W 

GROUND and +0V to -30V with respect to V+ Lead Temperature (Soldering, 10s)...............0 eens 300°C 
Currant ino Ally TONNE . osccscsccccssevsdvnseusaries + 30mA (SOIC - Lead Tips Only) 

Current into Any Terminal. .............. 0. ec cece eee eeee +30mA 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Temperature Range Storage Temperature Range................65 -65°C to +150°C 
ICLEZ TIM Se OM cedd a He8h6e ce oee eres bnwO -55°C to +125°C 
eA! bite 5S tslinaeee beaded eddeen ewes 0°C to +70°C 


Electrical Specifications V+ = 5v, T, = +25°C Unless Otherwise Specified 


rercowmone [ERT [me wr [a 
Supply Current ee i oo Me ee ee ee ee 
ee a a recor [wa 

Output & Hysteresis 


Threshold Trip Voltage | 0.98 | 1.15 | 
as 
VTHP 
Output 


Guaranteed Operating Vsuppry | +25°C (Note 3) | 2.0 | 
Supply Voltage Range 


Threshold Voltage 
Disparity Between 


V+=30V 
0°C to +70°C (Note 3) 


Minimum Operating 
Supply Voltage Range 


+125°C 


Threshold Voltage Tem- | AVyJ/AT | lout = 4MA, Voytz = 2V 
perature Coefficient 


Variation of Threshold AVT/AV+ | AV+ = 10% at V+ = 5V 


Voltage with Supply 

Voltage 

Threshold Input Current 
ieee ie 

Output Leakage Current 


Output Saturation lout = 4mA 
=e 
= 3 & 4) 


Hysteresis Leakage ILHYs V+ = 10V, = 1.0V 
Current Vuyst = GND 
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ICL8211, ICL8212 


Electrical Specifications V+ = 5v, T, = +25°C Unless Otherwise Specified (Continued) 


esmaeren [sno | rerrcommone RCT Fr [wr HHT rw we 


Hysteresis Sat Voltage VuYS(MAX) luyst = -7pA, VtH = 1.3V V 
measured with 
respect to V+ 
Max Available luys (MAX) VtH = 1.3V pA 
Hysteresis Current 


Electrical Specifications ICL8211MTY/8212MTY V+ = 5V, T, = -55°C to +125°C 


ICL8211 ICL8212 


Saray Core CB 
wer Cid 
a 


Threshold Trip Voltage Vn lour = 2mA V+ = 2.8V 
V, =2V 
our = 2 V+ = 30V 0.80 
Guaranteed Operating Vsuppty | (Note 5) 
Supply Voltage Range 


Threshold Input Current tt Vry = 1.15V 


Output Leakage Current Vout = 30V le = 0.8V 
Output Saturation lout = 3MA = 0.8V 
=r = 
Max Available Output — 3 & 4) ee 0.8 
le 
Current io = GND 


Hysteresis Saturation Vuys(Max) | lHyst =-7HA = 1.3V 
Voltage measured with 
respect to V+ 


Max Available luys (MAX) VrH = 1.3V 
Hysteresis Current 


NOTES: 


1. The maximum output current of the ICL8211 is limited by design to 15mA under any operating conditions. The output voltage may be 
sustained at any voltage up to +30V as long as the maximum power dissipation of the device is not exceeded. 


2. The maximum output current of the ICL8212 is not defined. And systems using the ICL8212 must therefore ensure that the output current 
does not exceed 30mA and that the maximum power dissipation of the device is not exceeded. 


3. Threshold Trip Voltage is 0.80V(min) to 1.30V(mas). At loyy = 3mA. 


400 


& 


CCRC COM EELCOLE 


eo] @ 
oOo; ©& 
oO 
oO 


2 


7-164 


ICL8211, ICL8212 


Typical Performance Curves (ICL8211 and ICL8212) 
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Typical Performance Curves (iCL8211 ONLY) 
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Typical Performance Curves (\CL8211 ONLY) (Continued) 
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Typical Performance Curves _(\CL8212 ONLY) 
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Typical Performance Curves 
(ICL8212 ONLY) (Continued) 
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FIGURE 20. HYSTERESIS OUTPUT CURRENT AS A FUNCTION 
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Detailed Description 


The ICL8211 and ICL8212 use standard linear bipolar 
integrated circuit technology with high value thin film 
resistors which define extremely low value currents. 


Components Q, through Q;,9 and R,, Ro and Rg set up an 
accurate voltage reference of 1.15V. This reference voltage 
is close to the value of the bandgap voltage for silicon and is 
highly stable with respect to both temperature and supply 
voltage. The deviation from the bandgap voltage is 
necessary due to the negative temperature coefficient of the 
thin film resistors (-5000 ppm per °C). 


Components Q, through Qg and Ro make up a constant 
Current source; Q2 and Qs are identical and form a current 
mirror. Qg has 7 times the emitter area of Qo, and due to the 
Current mirror, the collector currents of Qg and Qg are forced 
to be equal and it can be shown that the collector current in 
Qs and Qg is 


kT 
X oe [f7 
q 


IC (Qg or Q,) = 


or approximately 1pA at +25°C 


Where k = Boltzman’s Constant 
q = Charge on an Electron 
and T = Absolute Temperature in °K 


Transistors Qs, Qg, and Q7 assure that the Voge of Q3, Qy, 
and Qg remain constant with supply voltage variations. This 
ensures a constant current supply free from variations. 


The base current of Q, provides sufficient start up current for 
the constant source; there being two stable states for this 
type of circuit - either ON as defined above, or OFF if no 
start up current is provided. Leakage current in the transis- 
tors is not sufficient in itself to guarantee reliable startup. 


Q, is matched to Q3 and Q); Q;9 is matched to Qg. Thus the 
IC and Vpe of Qi are identical to that of Qg or Qs. To 
generate the bandgap voltage, it is necessary to sum a 
voltage equal to the base emitter voltage of Qg to a voltage 
proportional to the difference of the base emitter voltages of 
two transistors Qg and Qg operating at two current densities. 


kT 
Thus 1.5 = Vege (Qg or Qi) + —_—— 
Ro q 
which provides: = 12 (approximately.) 


The total supply current consumed by the voltage reference 
section is approximately 6A at room temperature. A voltage 
at the THRESHOLD input is compared to the reference 1.15V 
by the comparator consisting of transistors Q,, through Q,7. 
The outputs from the comparator are limited to two diode 
drops less than V+ or approximately 1.1V. Thus the base cur- 
rent into the hysteresis output transistor is limited to about 
500nA and the collector current of Qy9 to 100A. 


In the case of the ICL8211, Q., is proportioned to have 70 
times the emitter area of Qoo thereby limiting the output 
Current to approximately 7mA, whereas for the ICL8212 
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ICL8211, 


almost all the collector current of Qy9 is available for base 
drive to Qo;, resulting in a maximum available collector 
current of the order of 30mA. It is advisable to externally limit 
this current to 25mA or less. 


Applications 


The ICL8211 and ICL8212 are similar in many respects, espe- 
cially with regard to the setup of the input trip conditions and 
hysteresis circuitry. The following discussion describes both 
devices, and where differences occur they are clearly noted. 


General Information 
Threshold Input Considerations 


Although any voltage between -5V and V+ may be applied to 
the THRESHOLD terminal, it is recommended that the 
THRESHOLD voltage does not exceed about +6V since 
above that voltage the threshold input current increases 
sharply. Also, prolonged operation above this voltage will 
lead to degradation of device characteristics. 


The outputs change states with an input THRESHOLD 
voltage of approximately 1.15V. Input and output waveforms 
are shown in Figure 21 for a simple 1.15V level detector. 


> V+ 
INPUT VOLTAGE 
(RECOMMENDED (V+ MUST BE 
RANGE -5 TO +5V) EQUAL OR 


EXCEED 1.8V) 


VTH © 


Vo 


V+ 


V+ 
OV LI LI LI ICL8212 OUTPUT 


FIGURE 21. VOLTAGE LEVEL DETECTION 


The HYSTERESIS output is a low current output and is 
intended primarily for input threshold voltage hysteresis 
applications. If this output is used for other applications it is 
suggested that output currents be limited to 101A or less. 


The regular OUTPUT’s from either the ICL8211 or ICL8212 
may be used to drive most of the common logic families such 


ICL8212 


as TTL or CMOS using a single pullup resistor. There is a 
guaranteed TTL fanout of 2 for the ICL8211 and 4 for the 
ICL8212. 


A principal application of the ICL8211 is voltage level 
detection, and for that reason the OUTPUT current has been 
limited to typically 7MA to permit direct drive of an LED 
connected to the positive supply without a series current 
limiting resistor. 


On the other hand the ICL8212 is intended for applications 
such as programmable zener references, and voltage 
regulators where output currents well in excess of 7mA are 
desirable. Therefore, the output of the ICL8212 is not current 
limited, and if the output is used to drive an LED, a series 
current limiting resistor must be used. 


In most applications an input resistor divider network may be 
used to generate the 1.15V required for Vy. For high accu- 
racy, Currents as large as 50uA may be used, however for 
those applications where current limiting may be desirable, 
(such as when operating from a battery) currents as low as 
6mA may be considered without a great loss of accuracy. 
6mA represents a practical minimum, since it is about this 
level where the device’s own input current becomes a signifi- 
cant percentage of that flowing in the divider network. 


V+ 6 


VTH 
: PULLUP RESISTOR 


CMOS OR 
TTL GATES 


FIGURE 22. OUTPUT LOGIC INTERFACE 


INPUT ¢ 


FIGURE 23. INPUT RESISTOR NETWORK CONSIDERATIONS 


Case 1. High accuracy required, current in resistor network 
unimportant Set | = SOWA for Vry = 1.15V ». Ry > 
20kQ 


Case 2. Good accuracy required, current in resistor network 
important Set | = 7.5yA for Vry = 1.15V «. Ry > 
150kQ 
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INPUT ¢ V+ ¢ 


INPUT 
VOLTAGE 


Input voltage to change to output states 


= utRe a asy 7 


1 


FIGURE 24. RANGE OF INPUT VOLTAGE GREATER THAN 
+1.15 VOLTS 


Setup Procedures For Voltage Level Detection 
Case 1. Simple voltage detection no hysteresis 


Unless an input voltage of approximately 1.15V is to be 
detected, resistor networks will be used to divide or multiply 
the unknown voltage to be sensed. Figure 25 shows 
procedures on how to set up resistor networks to detect 
INPUT VOLTAGES of any magnitude and polarity. 


MAY BE ANY STABLE VOLTAGE 
VOLTAGE REFERENCE 
9 GREATER THAN 1.15V 


VREF (+VE) 


Range of input voltage less than +1.15V 
Input voltage to change the output states == 
(R, + Ro) “1.13 RoVrer 
ns ; ns - 
FIGURE 25. INPUT RESISTOR NETWORK SETUP 
PROCEDURES 


For supply voltage level detection applications the input 
resistor network is connected across the supply terminals as 
shown in Figure 26. 


5» V+ 
Re 
INPUT A laa 
SUPPLY VOLTAGE 
Ry 
e Vo 


FIGURE 26. COMBINED INPUT AND SUPPLY VOLTAGES 
Case 2. Use of the HYSTERESIS function 


The disadvantage of the simple detection circuits is that 
there is a small but finite input range where the outputs are 
neither totally ‘ON’ nor totally ‘OFF’. The principle behind 
hysteresis is to provide positive feedback to the input trip 
point such that there is a voltage difference between the 
input voltage necessary to turn the outputs ON and OFF. 


The advantage of hysteresis is especially apparent in 
electrically noisy environments where simple but positive 
voltage detection is required. Hysteresis circuitry, however, is 
not limited to applications requiring better noise performance 
but may be expanded into highly complex systems with 
multiple voltage level detection and memory applications- 
refer to specific applications section. 


There are two simple methods to apply hysteresis to a circuit 
for use in supply voltage level detection. These are shown in 
Figure 27. 


The circuit of Figure 27A requires that the full current flowing 
in the resistor network be sourced by the HYSTERESIS out- 
put, whereas for circuit Figure 27B the current to be sourced 
by the HYSTERESIS output will be a function of the ratio of 
the two trip points and their values. For low values of hyster- 
esis, circuit Figure 27B is to be preferred due to the offset 
voltage of the hysteresis output transistor. 


A third way to obtain hysteresis (ICL8211 only) is to connect 
a resistor between the OUTPUT and the THRESHOLD 
terminals thereby reducing the total external resistance 
between the THRESHOLD and GROUND when the 
OUTPUT is switched on. 


Practical Applications 
Low Voltage Battery Indicator (Figure 28) 


This application is particularly suitable for portable or remote 
operated equipment which requires an indication of a depleted 
or discharged battery. The quiescent current taken by the sys- 
tem will be typically 351A which will increase to 7MA when the 
lamp is turned on. Rg will provide hysteresis if required. 


Nonvolatile Low Voltage Detector (Figure 29) 


In this application the high trip voltage Vrpo is set to be 
above the normal supply voltage range. On power up the 
initial condition is A. On momentarily closing switch S, the 
operating point changes to B and will remain at B until the 
supply voltage drops below VTR1, at which time the output 
will revert to condition A. Note that state A is always retained 
if the supply voltage is reduced below Vrp,; (even to zero 
volts) and then raised back to Vom. 


Nonvolatile Power Supply Malfunction Recorde 
(Figure 30 and Figure 31) 


In many systems a transient or an extended abnormal (or 
absence of a) supply voltage will cause a system failure. 
This failure may take the form of information lost in a volatile 
semiconductor memory stack, a loss of time in a timer or 
even possible irreversible damage to components if a supply 
voltage exceeds a certain value. 


It is, therefore, necessary to be able to detect and store the 
fact that an out-of-operating range supply voltage condition 
has occurred, even in the case where a supply voltage may 
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Low trip voltage NOTE 1. Rg OPTIONAL 


(Ry + Re) x 1.15 + bd 7 FIGURE 28. LOW VOLTAGE BATTERY INDICATOR 
— Sh VO 
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Vtri = 

High trip voltage 

(R, + Ro + Rg) 
Ry 

FIGURE 27A. 
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FIGURE 27B. 
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ICL8212 OUTPUT STATE 


ICL8211 OUTPUT STATE 
ICL8212 OUTPUT STATE 
ICL8211 OUTPUT STATE 


SUPPLY VOLTAGE ——————> SUPPLY VOLTAGE 


FIGURE 27C. FIGURE 29B. 


FIGURE 27. TWO ATERNATIVE VOLTAGE DETECTION FIGURE 29. NON-VOLATILE LOW VOLTAGE INDICATOR 
CIRCUITS EMPLOYING HYSTERESIS TO 
PROVIDE PAIRS OF WELL DEFINED TRIP 
VOLTAGES 
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have dropped to zero. Upon power up to the normal 
operating voltage this record must have been retained and 
easily interrogated. This could be important in the case of a 
transient power failure due to a faulty component or 
intermittent power supply, open circuit, etc., where direct 
observation of the failure is difficult. 


A simple circuit to record an out of range voltage excursion 
may be constructed using an ICL8211, an ICL8212 plus a 
few resistors. This circuit will operate to 30V without exceed- 
ing the maximum ratings of the ICs. The two voltage limits 
defining the in range supply voltage may be set to any value 
between 2.0V and 30V. 


The ICL8212 is used to detect a voltage, Vz, which is the 
upper voltage limit to the operating voltage range. The 
ICL8211 detects the lower voltage limit of the operating 
voltage range, V;. Hysteresis is used with the ICL8211 so 
that the output can be stable in either state over the 
operating voltage range V, to Vp by making V3 - the upper 
trip point of the 1CL8211 much higher in voltage than V5. 


The output of the ICL8212 is used to force the output of the 
ICL8211 into the ON state above V>. Thus there is no value 


of the supply voltage that will result in the output of the 
ICL8211 changing from the ON state to the OFF state. This 
may be achieved only by shorting out R3 for values of supply 
voltage between V, and Vo. 


Constant Current Sources (Figure 32) 


The ICL8212 may be used as a constant current source of 
value of approximately 25uA by connecting the THRESH- 
OLD terminal to GROUND. Similarly the ICL8211 will pro- 
vide a 130A constant current source. The equivalent 
parallel resistance is in the tens of megohms over the supply 
voltage range of 2V to 30V. These constant current sources 
may be used to provide basing for various circuitry including 
differential amplifiers and comparators. See Typical Operat- 
ing Characteristics for complete information. 


Programmable Zener Voltage Reference (Figure 33) 


The ICL8212 may be used to simulate a zener diode by 
connecting the OUTPUT terminal to the Vz output and using 
a resistor network connected to the THRESHOLD terminal 
to program the zener voltage 


(Ry + Ro) 


VZENER = x 1.15V. 


1 


FIGURE 30. NON-VOLATILE POWER SUPPLY MALFUNCTION RECORDER 


OUTPUT ICL8211 
ICL8212 DISCONNECTED 


OFF 
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SUPPLY VOLTAGE ——> 


OUTPUT ICL8212 


SUPPLY VOLTAGE ——> 


OUTPUT ICL8211 
AS PER FIGURE 7 


OFF 


ON 


SUPPLY VOLTAGE ——> 


FIGURE 31. OUTPUT STATES OF THE ICL8211 AND ICL8212 AS A FUNCTION OF THE SUPPLY VOLTAGE 
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Since there is no internal compensation in the ICL8212 it is 
necessary to use a large capacitor across the output to 
prevent oscillation. 


Zener voltages from 2V to 30V may be programmed and typ- 
ical impedance values between 300A and 25yA will range 
from 4Q to 7Q The knee is sharper and occurs at a signifi- 
cantly lower current than other similar devices available. 


| = 25yA (ICL8212) 
| = 130,A (ICL8211) 


Pt Ey 
FT 
sal rT} Tt TT 
fie tt 


ZENER VOLTAGE 


0.01 0.1 1.0 10 100 
SUPPLY CURRENT (mA) 


FIGURE 33. PROGRAMMABLE ZENER VOLTAGE REFERENCE 
Precision Voltage Regulator (Figure 34) 


The ICL8212 may be used as the controller for a highly sta- 
ble series voltage regulator. The output voltage is simply pro- 
grammed, using a resistor divider network R, and Ro. Two 
capacitors C, and Cz are required to ensure stability since 
the ICL8212 is uncompensated internally. 


V+ V+ 


UNREG- 
ULATED 
DC SUPPLY 


Ro +R, 
BR x 1.15¥ 


Vout = 


FIGURE 34. PRECISION VOLTAGE REGULATOR 


This regulator may be used with lower input voltages than 
most other commercially available regulators and also con- 
sumes less power for a given output control current than any 
commercial regulator. Applications would therefore include 
battery operated equipment especially those operating at 
low voltages. 


High Supply Voltage Dump Circuit (Figure 35) 


In many circuit applications it is desirable to remove the 
power supply in the case of high voltage overload. For 
circuits consuming less than 5mA this may be achieved 
using an ICL8211 driving the load directly. For higher load 
currents it is necessary to use an external pnp transistor or 
darlington pair driven by the output of the ICL8211. 
Resistors R, and Ro set up the disconnect voltage and R3 
provides optional voltage hysteresis if so desired. 
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FIGURE 35. HIGH VOLTAGE DUMP CIRCUITS 
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Frequency Limit Detector (Figure 36) 


Simple frequency limit detectors providing a GO/NO-GO out- 
put for use with varying amplitude input signals may be con- 
veniently implemented with the ICL8211/8212. In the 
application shown, the first |CL8212 is used as a zero cross- 
ing detector. The output circuit consisting of R3, R4 and Cy 
results in a slow output positive ramp. The negative range is 
much faster than the positive range. Rs and Re provide hys- 
teresis so that under all circumstances the second ICL8212 
is turned on for sufficient time to discharge C3. The time con- 
stant of Rz C3 Is much greater than R4 Co. Depending upon 
the desired output polarities for low and high input frequen- 
cies, either an ICL8211 or an ICL8212 may be used as the 
output driver. 


This circuit is sensitive to supply voltage variations and 
should be used with a stabilized power supply. At very low 
frequencies the output will switch at the input frequency. 


Switch Bounce Filter (Figure 37) 


Single pole single throw (SPST) switches are less costly and 
more available than single pole double throw (SPDT) switches. 
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SPST switches range from push button and slide types to cal- 
Culator keyboards. A major problem with the use of switches is 
the mechanical bounce of the electrical contacts on closure. 
Contact bounce times can range from a fraction of a millisec- 
ond to several tens of milliseconds depending upon the switch 
type. During this contact bounce time the switch may make and 
break contact several times. The circuit shown in Figure 37 pro- 
vides a rapid charge up of C, to close to the positive supply 
voltage (V;) on a switch closure and a corresponding slow dis- 
charge of C, on a switch break. By proportioning the time con- 
stant of R; C, to approximately the manufacturer’s bounce time 
the output as terminal #4 of the ICL8211/8212 will be a single 
transition of state per desired switch closure 


Oo 
IcL8212 
16 
hs a 


V+ 


Re 


a ICL8212 
3 


TIME CONSTANT R3C2 < RyC2 < R7Cy 


ICL8212 


Low Voltage Power Disconnect (Figure 38) 


There are some classes of circuits that require the power 
supply to be disconnected if the power supply voltage falls 
below a certain value. As an example, the National LM199 
precision reference has an on chip heater which malfunc- 
tions with supply voltages below 9V causing an excessive 
device temperature. The ICL8212 may be used to detect a 
power supply voltage of 9V and turn the power supply off to 
the LM199 heater section below that voltage. 


For further applications, see ANO27 “Power Supply Design 
using the ICL8211 and ICL8212.” 
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FIGURE 36. FREQUENCY LIMIT DETECTOR 
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FIGURE 37. SWITCH BOUNCE FILTER 
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FIGURE 38. LOW VOLTAGE POWER SUPPLY DISCONNECT 
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Protection Circuits Selection Guide 


PART 
NUMBER DESCRIPTION 
SP720 Protection Array 4.5V to 30V | +Vg¢e Above Voc or | -40°C to +105°C | 16 Lead Plastic DIP and 
-Vpe Below GND SOIC 


SP720MD-8 | Ceramic Packaged Harris Class B 4.5V to30V_ | +Vp¢ Above Voc or | -55°C to +125°C | 16 Lead Ceramic SBDIP 
“Equivalent? SP720 Parts with Back- -Vae Below GND 


OVER-VOLTAGE 
TURN-ON 
THRESHOLD 


SUPPLY 
VOLTAGE 
RANGE 


TEMPERATURE 


SP720MM-8 End Conformance to MIL-STD-883 20 Pad Ceramic LCC 


SP720MD High Reliability Ceramic Packaged 4.5V to 30V_ | +Vge Above Voc or | -55°C to +125°C | 16 Lead Ceramic SBDIP 
SP720 Parts -Vpe Below GND 
SP720MM 20 Pad Ceramic LCC 


SP721 Protection Array 4.5V to30V | +Vpe_ Above Vcc or | -40°C to +105°C | 8 Lead Plastic DIP and 
-Vpe Below GND SOIC 


HIP1090 Protected Power Switch 4V to 16V 16V to 19V -40°C to +105°C | 3 Lead TO-220 
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Protected Power Switch 
April 1994 with Transient Suppression 


Features Description 


e +90V Transient Suppression The SP710 is a Power Integrated Circuit designed to 
suppress potentially damaging overvoltage transients up to 

* AV to 16V Operating Voltage +90V in amplitude. The device is designed to be operated in 
e 0.8A Current Load Capability a pass-thru mode which allows the current to flow through 
the IC with minimal voltage drop. The protected load circuit 

Over-Voltage Shutdown Protected is connected to the output of the SP710. As such, the 
Short-Circuit Current Limiting protected power switch IC is designed to operate as a 
transient suppressor which is capable of driving resistive, 

Over-Temperature Protected Thermal Limiting inductive or lamp loads with minimum risk of damage under 
at 150°C (Ty) stress conditions of over voltage or over current. The SP710 


-40°C to +105°C Operating Temperature Range is supplied in a 3 lead TO-220AB package. 


Applications ; , 
PP Ordering Information 
e Electronic Circuit Breaker 


ween TEMPERATURE 
¢ Transient Suppressor PART NUMBER RANGE PACKAGE 
e Overvoltage Monitor 
g SP710AS -40°C to +105°C 3 Lead Plastic 
SIP 


Pinout Functional Block Diagram 


SP720 (SIP) 
TOP VIEW 


NOTE: 

HEAT SINK TAB 
INTERNALLY 
CONNECTED 
TO PIN 2 


PROTECTION 
CIRCUITS 


THERMAL CURRENT 
LIMIT 


(Alddns) Nia << —_ 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2789 5 
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Specifications SP710 


Absolute Maximum Ratings Thermal Information 
RT VONROS, Veg + tees cect een eewe sev enas whe ones é Kees 24V = Thermal Resistance Bsa Bic 
Load Cure, louy vsscsevevcus cavecutnvnsecesns sees 800mA Pidstic SIP. o<<ssc0ass suawncedgoucne . 60°C/W = 4°C/W 
Transient Max Voltage, Vin (15mS) ........... eee ee eee 400V Junction Temperaiure . on. cc ccisccesstscecensvesveres 150°C 
Ambient Operating Temperature............... -40°C to +105°C 
NOTE: Pp = (Vin - Vo) (Io) + (Vin) (lcommon) Storage Temperature. ....... 0... cece eee eee -40°C to +150°C 
Ty = T, + (Pp) (Thermal Resistance) Lead Temperature (During Soldering)...............000- 265°C 


1/16in. + 1/32in. (1.59mm + 0.79mm) from case for 10s maximum 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = -40°C to +105°C, Vy = 4V to 16V, Unless Otherwise Specified 


[(—ranwneren [ome [commons ——« wm [rw | wa] wwe 
Sa 
[semen | vow | | ff 
a : 

re 


_ Sees 
Vsat (Input-to-Output) Vin = 4V, lout = 175mA poe pe | 
A = 


Vin = 16V, loyr = 800mA 


Common Current Vin = 16V, loyt = 100mA 


Vin = 16V, lout = 800mA 


VeattT 


DASH PANEL LOAD TO OTHER 
LIGHTS AND 


INSTRUMENTS 
OVER- BASE 
VOLTAGE CURRENT VoeSAr 
SHUTDOWN] | AMPLIFIER | | DETECTOR 
Vioap = Vaart - Vsar 


(Vsar TYP. < 1V AT 800mA) 
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Electronic Protection Array for 
ESD and Overvoltage Protection 


tH 


April 1994 
Features Description 
¢ +2A Peak Current Capability The SP720 is an array of SCR/Diode bipolar structures for 
P ESD and over-voltage protection to sensitive input circuits. 
Single-Ended Voltage Range to .............. +55¥ The SP720 has 2 protection SCR/Diode device structures 
e Differential Voltage Range to .............. +17.5V per input. A total of 14 available inputs can be used to 
protect up to 14 external signal or bus lines. Over voltage 
° Designed to Provide Over-Voltage Protection protection is from the IN (pins 1-7 and 9-15) to V+ or V-. The 
* Fast SWHCHRG «cece caus secseseesnces 6ns Risetime SCR structures are designed for fast triggering at a 


Low Input Leakages of 1nA at +25°C Typical 
Low Input Capacitance of 3pF Typical 
An Array of 14 SCR/Diode Pairs 


Proven Interface for ESD 


Operating Temperature Range...... -40°C to +105°C 


Applications 

e Microprocessor/Logic input Protection 
e Data Bus Protection 

e Analog Device input Protection 

e Voltage Clamp 


Pinout 
SP720 (PDIP, SOIC) 


threshold of one +Vp¢- diode threshold above V+ (Pin 16) or 
a -Vpe diode threshold below V- (Pin 8). From an IN input, a 
ciamp to V+ is activated if a transient pulse causes the input 
to be increased to a voltage level greater than one Voge 
above V+. A similar clamp to V- is activated if a negative 
pulse, one Veg less than V-, is applied to an IN input. 


Refer to Application Note AN9304 for further information 


Ordering Information 


PARTNUMBER | TEMPERATURE | ==PACKAGE 
SP720AP -40°C to +105°C | 16 Lead Plastic DIP 


SP720AB -40°C to +105°C | 16 Lead Plastic SOIC (N) 


SP720ABT -40°C to +105°C | 16 Lead Plastic SOIC 
Tape and Reel 


Functional Block Diagram 


PROTECTION 


CIRCUITS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 8-5 


File Number 2791.5 


Specifications SP720 


Absolute Maximum Ratings Thermal Information 
Continuous Supply Voltage, (V+) - (V-)......... eee ee eee +35V Thermal Resistance Oya 
WOU POR CURA lid acs. ces cee sdeededanedewe done chars +2A 16 Load POP PACKAGG iss desc eccccvenviasesncad as 90°C/W 
Transient Ratings - See Note 2, Figure 1, Table 1 16. Lead SOIC Patkage. 20. .20c0sscnseees enccnees 170°C/W 
Maximum Package Power Dissipation at +105°C: 
Plastic DIP Factag@ «stcscscavees caicevensweweenes 500mW 
Plastié SOIC PackaGG «ics cecvses ssi owsccvsascens 270mW 
Storage Temperature Range...............06- -65°C to +150°C 
JuUNCHON TEMPEALNG <sc ccc cevsececdncaeeeansanseun +150°C 
Lead Temperature (Soldering 10s) ...........0.. eens +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications —T, = -40°C to +105°C; Vy = 0.5Vccg Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS | min | TYP | MAX | UNITS 
Operating Voltage Range, VsuppLy V 
Vsuppcy = [(V+) - (V-)] 
Forward Voltage Drop: lin = 1A (Peak Pulse) 
IN to V- VEWoL : 
IN to V+ VeEWDH V 


Treattonaavcwon |» | __+i| # {| s | |= 
A 
a 0 


1. In automotive and battery operated systems, the power supply lines should be externally protected for load dump and reverse battery. 
When the V+ and V- pins are connected to the same supply voltage source as the device or control line under protection, a current limiting 
resistor should be connected in series between the supply and the SP720 pins to limit reverse battery current to within the rated maximum 
limits. Bypass capacitors of typically 0.01,F or larger from the V+ and V- pins to ground are recommended. 


2. For ESD testing of the SP720 to MIL-STD-3015.7 Human Body Model (HBM), the results are typically better than 6KV (Condfition 1) 
(Figure 1, Table 1). Transient and ESD testing capability is highly dependent on the application. For conditions that are defined as an in- 
circuit method of ESD testing where the V+ and V- pins have a return path to ground, the ESD capability is typically greater than 15KV 
from 100pF through 1.5KQ (Condition 2). For ESD testing of the SP720 to EIAJIC121 Machine Model (MM) standard, the results are 
typically better than 1KV (Condition 4). These values were measured by AT&T ESD Lab using the component testing procedures of both 
standards., Additional ESD testing for 200pF through 1.5KQ with 6ns risetime was done with results better than 9KV (Condition 3). 


3. Refer to the Figure 3 graph for definitions of equivalent “SCR ON Threshold” and “SCR ON Resistance.” These characteristics are given 
here for thumb-rule information to determine peak current and dissipation under EOS conditions. 


TABLE 1. ESD TEST CONDITIONS 


Condition 1 100pF (HBM) 


Condition 2 15KV 1.5KQ 100pF (Mod. 
HBM) 
Condition 3 9KV 1.5KQ 200pF (Mod. 
HBM) 


Ry ~ 10MQ = 


FIGURE 1. ELECTROSTATIC DISCHARGE TEST 
MIL-STD-883D, METHOD 3015.7 
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FIGURE 2. LOW CURRENT SCR FORWARD VOLTAGE DROP 
CURVE 
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FIGURE 4. TYPICAL APPLICATION OF THE SP720 AS AN INPUT CLAMP FOR OVER-VOLTAGE, GREATER THAN 1Vp_ ABOVE V+ 
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FIGURE 3. HIGH CURRENT SCR FORWARD VOLTAGE DROP 
CURVE 
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SP720MD-8, SP720MD 
SP720MM-8, SP720MM 
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PRELIMINARY High Reliability Electronic Protection Array 
April 1994 for ESD and Overvoltage Protection 
Features Description 


The SP720MD-8 and SP720MN-8 are Harris Class B 
“Equivalent” Parts with Back-End Conformance to 
Mil-Std-883 for Final Assembly, Electrical Testing, 
Burn-in and QC Inspection 


+2A Peak Current Capability 


The SP720 is a High Reliability Array of SCR/Diode bipolar 
structures for ESD and over-voltage protection to sensitive 
input circuits. The SP720 has 2 protection SCR/Diode 
device structures at each IN input. A total of 14 available IN 
inputs can be used to protect up to 14 external signal or bus 
lines. Over voltage protection is from the IN to V+ or V-. The 


e Single-ended Voltage Range............... to +35V. SCR structures are designed for fast triggering at a thresh- 

old of one +Vg¢_ diode threshold above V+ or at a -Vp¢ diode 
e Differential Voltage Range ............... to t17.5V threshold below V-. From an IN input, a clamp to V+ is acti- 
e Designed to Provide Over-Voltage Protection vated if a transient pulse causes the input to be increased to 

a voltage level greater than one Ver above V+. A similar 
e Fast Switching eeoevececeeseese ee eee esses 6ns Risetime clamp to \V- is activated if a negative pulse, one Vee less 
¢ Low Input Leakages of 1nA at 25°C Typical than V-, is applied to an IN input. 

Parts conform to Mil-Std-883 through final assembly, electri- 
¢ An Array of 14 SCR/Diode Pairs cal test, burn-in and QC Inspection. The SP720MD and 
© Proven Interface for ESD SP720MM are High Reliability Ceramic Packaged ICs. 

° Military Temperature Range ........ -55°C to +125°C “Refer to Application Note AN9304 for further information. 
Applications Ordering Information 
e Microprocessor/Logic Input Protection 
e Data Bus Protection 
e Analog Device Input Protection 
* Voltage Clamp 
Pinouts 

SP720MD (SBDIP) SP720MM (CLCC) 

TOP VIEW TOP VIEW 
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FileNumber 3683 


Specifications SP720MD-8, SP720MD, SP720MM-8, SP720MM 


Absolute Maximum Ratings 


Thermal Information 


Continuous Supply Voltage, [(V+) - (V-)]....... cece eee eee +35V Thermal Resistance Oya Bic 
Input Peak Current, Ij, (non-repetitive, < 1ms).............. +2A Sidebraze DIP Package.............. B82°C/W «14°C /W 
Max, DC Input Current, ly «ssvens csv seg ones tacenares +70mA COMING LOG is censenctvenennssaens 7O°C/W—s«19°C/W 
For ESD Transient Capability - See Note 2, Figure 1, Table 1 Package Power Dissipation: 
Storage Temperature Range ................. -65°C to +150°C Sidebraze DIP Package, up to +93°C ..............60-. 1.0W 
JUNCHON TEMDOIEUNG:... 6 cc ccevcecscvaresescaceese vs +175°C Ceramic LCC, up to +105°C 2. cc ccc cc cn cn eneesenns 1.0W 
Lead Temperature (Soldering 10s)..............-ee eee +265°C Package Power Dissipation Derating Factor: 
Sidebraze DIP Package, above +93°C ............ 12.2mW/PC 
Ceramic LCC, above +105°C ......... cee ee eee 14.3mWPC 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range, Single Supply.......... +4.5V to+30V Typical Quiescent Supply Current ............. cece e ees 50nA 
Operating Voltage Range, Split Supply ........... +2.25V to+15V Operating Temperature Range ................ -55°C to +125°C 


Electrical Specifications — T, = -55°C to +125°C; Unless Otherwise Specified 


| PARAMETER | SYMBOL_| _TESTCONDITIONS | OMIN, | TYP | MAX _|_UNITS | 


Operating Voltage Range V 4.5 V 
: . anil Vsuppty = [(V+) - (V-)] 
to 30 
Peak Forward/Reverse Voltage Drop 
IN to V- (with V- Reference) Vin « (V-) lin = -1A (1ms Peak Pulse) 


IN to V+ (with V+ Reference) Vin-(V+) | lin=+t1A(imsPeakPulse) | - | +2 | - | 


DC Forward/Reverse Voltage Drop 
Vin- (V-) lin = -100mA to V- 


IN to V- (with V- Reference) 
in = +100 10 Ve RCE ION A 


IN to V+ (with V+ Reference) 


a 
A 
Peau SCRONTwresbod Nowa Sd 
[Equivalent SCR ON Resistance |__| Vewolewe Notes) 
input Capactance _———S«dt SSC 

input Swiching Speed ito 


NOTE: 


1. In automotive and battery operated systems, the power supply lines should be externally protected for load dump and reverse battery. 
When the V+ and V- pins are connected to the same supply voltage source as the device or control line under protection, a current limiting 
resistor should be connected in series between the external supply and the SP720 supply pins to limit reverse battery current to within 
the rated maximum limits. Bypass capacitors of typically 0.01 pF or larger from the V+ and V- pins to ground are recommended. 


2. For ESD testing of the SP720 to MIL-STD 883, Method 3015.7, Human Body Model (HBM), the results are typically better than 6KV (Con- 
dition 1). Transient and ESD capability is highly dependent on the application. For conditions that are defined as an in-circuit method of 
ESD testing where the V+ and V- pins have a return path to ground, the ESD capability is typically greater than 15KV from 100pF through 
1.5 KQ (Condition 2). For ESD testing of the SP720 to EIAJ 1C121 Machine Model (MM) standard, the results are typically better than 
1KV (Condition 4). These values were measured by AT&T ESD Lab using the component testing procedures of both standards. Addi- 
tional ESD testing for 200pF through 1.5 KQ with 6ns risetime was done with results better than 9KV (Condition 3). 


3. Refer to the Figure 3 graph for definitions of equivalent “SCR ON Threshold” and “SCR ON Resistance”. These characteristics are given 
here for thumb-rule information to determine peak current and dissipation under EOS conditions. 


TABLE 1. ESD TEST CONDITIONS 


Cas [*~[e[o] 
a 
ee 
re 


Ry ~ 10MQ Ry Rp 


H.V. 


SUPPLY 
tVp 


FIGURE 1. ELECTROSTATIC DISCHARGE TEST 
MIL-STD-883D, METHOD 3015.7 
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PROTECTION 
CIRCUITS 


SP720MD-8, SP720MD, SP720MM-8, SP720MM 


100 


Ta = 25°C 


Ta= 25°C 
SINGLE PULSE 


SINGLE PULSE 


o 
oS 


o 
t=) 


> 
So 


EQUIV. SAT. ON 
THRESHOLD ~1.1V 


FORWARD SCR CURRENT (mA) 
FORWARD SCR CURRENT (A) 


— 
So 


FORWARD SCR VOLTAGE DROP (mV) FORWARD SCR VOLTAGE DROP (V) 


FIGURE 2. LOW CURRENT SCR FORWARD VOLTAGE DROP _-_—‘ FIGURE 3. HIGH CURRENT SCR FORWARD VOLTAGE DROP 
CURVE CURVE 


» +Vcc  +Vcc 


Se emnmena T SE 
DRIVERS LINEAR OR 


DIGITALIC [___ > 


OR 
SIGNAL INTERFACE 
SOURCES 


PROTECTION 
CIRCUIT 
(1 OF 14 ON CHIP) 


SBSeeeseeeweeseeeeeses=anen 


FIGURE 4. TYPICAL APPLICATION OF THE SP720 AS AN INPUT CLAMP FOR OVER-VOLTAGE, GREATER THAN 1Vp¢ ABOVE V+ 
OR LESS THAN -1Vge BELOW V-. PINOUT SHOWN IS FOR THE SP720MD PDIP PACKAGE. 
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SP720MD-8, SP720MD, SP720MM-8, SP720MM 


Power Dissipation Derating Curves 


MAX. DISSIPATION 


0.610W 


MAX. DERATED 
DISSIPATION 


POWER DISSIPATION (W) 


AMBIENT TEMPERATURE (°C) 


FIGURE 5. SP720MD DERATING CURVE FOR THE 82°C/W THERMAL RESISTANCE OF THE SIDEBRAZE 16 PIN CERAMIC PACK- 
AGE, DERATED 12.2mW/°C FROM A MAXIMUM Py OF 1.0W AT 93°C 


MAX. DISSIPATION 


0.714W 


MAX. DERATED 
DISSIPATION 


0.5 


POWER DISSIPATION (W) 


PROTECTION 
CIRCUITS 


0 50 100 125 150 175 
AMBIENT TEMPERATURE (°C) 


FIGURE 6. SP720MM DERATING CURVE FOR THE 70°C/W THERMAL RESISTANCE OF THE 20 PAD CERAMIC LCC PACKAGE, 
DERATED 14.3mW/°C FROM A MAXIMUM Pp OF 1.0W AT 105°C 
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SP720MD-8, SP720MD, SP720MM-8, SP720MM 


SP720MD-8 and SP720MM-8 Dynamic Burn-in Circuits 
16 LEAD CERAMIC SBDIP 


mE 
we 
aoe 
mae 
a 

8 


NOTES: 
1. All resistors 1kQ +10% 
2. Voc = 30V 11% 
3. Fs = OV to 30V +1%, 50% Duty Cycle 
4. C, = 22uF Min. Tantalum, 50WV (33WV at 125°C) 
5. Taye = 125°C 


20 PAD CLCC 


30V 


OV 
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SP720MD-8, SP720MD, SP720MM-8, SP720MM 


Metallization Topology 


DIE DIMENSIONS: 
51x 84x 14+ 1mils 


METALLIZATION: 
Type: Al 
Thickness: 17.5kA + 2.5kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA + 2.6kA 


SUBSTRATE POTENTIAL (POWERED UP): 
\- 


WORST CASE CURRENT DENSITY: 
9.18 x 104A/cm? at 70mA 


PROCESS: 
Bipolar 


Metallization Mask Layout 


SP720MD-8, SP720MD, SP720MN-8, SP720MM 


PROTECTION 
CIRCUITS 
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Features 

e +2A Peak Current Capability 

e¢ Single-Ended Voltage Range 

¢ Differential Voltage Range 

e Designed to Provide Overvoltage Protection 
Fast Switching 6ns Risetime 

Low Input Leakages of 1nA at +25°C Typical 

Low Input Capacitance of 3pF Typical 

An Array of 6 SCR/Diode Pairs 

Proven Interface for ESD 

Operating Temperature Range -40°C to +105°C 

Applications 

e Microprocessor/Logic Input Protection 

e Data Bus Protection 

e Analog Device Input Protection 


¢ Voltage Clamp 


SP721 (PDIP, SOIC) 
TOP VIEW 


[gs | Vs 
'7 | IN 
16 | IN 
15 | IN 


IN [1] 
IN | 2| 
IN | 3| 
v- [4] 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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SP721 


Electronic Protection Array 
for ESD and Overvoltage Protection 


Description 


The SP721 is an array of SCR/Diode biploar structures for 
ESD and Overvoltage protection to sensitive input circuits. 
The SP721 has 2 protection SCR/Diode device structures 
per input. There are a total of 6 available inputs that can be 
used to protect up to 6 external signal or bus lines. Over 
voltage protection is from the IN (Pins 1 - 3 and Pins 5 - 7) to 
V+or V-. 


The SCR structures are designed for fast triggering at a 
threshold of one +Vp¢e diode threshold above V+ (Pin 8) or a 
-Ve¢e diode threshold below V- (Pin 4). From an IN input, a 
clamp to V+ is activated if a transient pulse causes the input 
to be increased to a voltage level greater than one Vopr 
above V+. A similar clamp to V- is activated if a negative 
pulse, one Vee less than V-, is applied to an IN input. 


Further information is available in Application Note AN9304. 
AN9304 applies to both the SP720 and SP721 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


-40°C to +105°C | 8 Lead Plastic DIP 


-40°C to +105°C | 8 Lead Plastic SOIC (N) 


-40°C to +105°C | 8 Lead Plastic SOIC 
Tape and Reel 


SP721ABT 


File Number 3590.1 


Specifications SP721 


Absolute Maximum Ratings Thermal Information 
Continuous Supply Voltage, (V+) - (V-)...... 2.2... cee eee +35V Thermal Resistance, Bya 
I Peak CUNBNG, ley occ veensde reds 0400 Ge eee eeRR aren s t2A S Lead DIP Package cscs cscs venscnensosse vans oe 130°C/W 
ESD Transient Ratings - See Note 2, Figure 1, Table 1 So Lead SOIC PaGKAGG «05 sces seen cae sea en nasees as 170°C/W 
Maximum Package Power Dissipation 
8 Lead Plastic DIP Package, Up to +105°C ............ 350mW 
8 Lead Plastic SOIC Package, Up to +105°C 270mW 
Storage Temperature Range...............06. -65°C to +150°C 
depiction Tater gue snack ocwcen Seaeeee <9 ea oxen oes +150°C 
Lead Temperature (Soldering 10S) ............02ee eee +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = -40°C to +105°C, Vj = 0.5Vo¢ Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | omiIN- | Typ |) MAX | UNITS 


Operating Voltage Range, Vsupp.y V 
Vsuppcy = [(V+) - (V-)] 
Forward Voltage Drop Vv 
IN to V- VewoL iN = 1A (Peak Pulse) 
IN to V+ VEWoH 


| 20 | om 
ae 
ee 
ee ae 
ee 


1. In automotive and battery operated systems, the power supply lines should be externally protected for load dump and reverse battery. 
When the V+ and V- Pins are connected to the same supply voltage source as the device or control line under protection, a current limiting 
resistor should be connected in series between the external supply and the SP721 supply pins to limit reverse battery current to within 
the rated maximum limits. Bypass capacitors of typically 0.01,F or larger from the V+ and V- Pins to ground are recommended. 


2. For ESD testing of the SP721 to MIL-STD 883, Method 3015.7, Human Body Model (HBM), the results are typically better than 6kV (Con- 
dition 1) (Figure 1, Table 1). Transient and ESD capability is highly dependent on the application. For conditions that are defined as an 
in-circuit method of ESD testing where the V+ and V- Pins have a return path to ground, the ESD capability is typically greater than 15kV 
from 100pF through 1.5kQ (Condition 2) or 9kV from 200pF through 1.5kQ (Condition 3). For ESD testing of the SP721 to EIAJ IC 121 
Machine Model (MM), the results are typically better than 1kV (Condition 4). 


3. Refer to the Figure 3 graph for definitions of equivalent “SCR ON Threshold” and “SCR ON Resistance”. These characteristics are given 
here for thumb-rule information to determine peak current and dissipation under EOS conditions. 


R, Rp TABLE 1. ESD TEST CONDITIONS 


Condition 1 | ekV | 1.5k0. 100pF (HBM) 


Condition 2 15kV 100pF (Mod. 
HBM) 
Condition 3 9kV 200pF (Mod. 
HBM) 


Condition 4 | kv | OK | 200pF (MM) 


H.V. 


SUPPLY 
+Vp 


Ry ~ 10MQ 


FIGURE 1. ELECTROSTATIC DISCHARGE TEST 
MIL-STD-883D, METHOD 3015.7 
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PROTECTION 
CIRCUITS 


100 25 


Ta= +25°C Ta= +25°C 
SINGLE PULSE SINGLE PULSE 
80 2 
< < 
= 2 
wi WW 
x 60 = 15 
5 pa ] 
a] ra) 
a S 
o ” 
OQ 40 e 4 
: ; 
é 
iL re EQUIV. SAT. ON 
20 THRESHOLD ~ 1.1V 
0.5 
0 0 
600 800 1000 1200 0 2 3 


: 
FORWARD SCR VOLTAGE DROP (mV) FORWARD SCR VOLTAGE DROP (V) 


FIGURE 2. LOW CURRENT SCR FORWARD VOLTAGE DROP FIGURE 3. HIGH CURRENT SCR FORWARD VOLTAGE DROP 
CURVE CURVE 


© +Vcc © +Vcc 


INPUT 
DRIVERS LINEAR OR}. 
DIGITAL IC § 


INTERFACE 


OR 
SIGNAL 
SOURCES 


IN1-3 IN5-7 TO +Vcc 


SP721 


ic 


SP721 INPUT PROTECTION CIRCUIT (1 OF 14 ON CHIP) 
(PINOUT CONFIGURATION SHOWN FOR 8 PIN PACKAGES) 


grrr: 
<- 


FIGURE 4. TYPICAL APPLICATION OF THE SP721 AS AN INPUT CLAMP FOR OVERVOLTAGE, GREATER THAN 1Vp¢ ABOVE V+ 
OR LESS THAN -1Vp¢ BELOW V- 


8-16 


MULTIPLEX COMMUNICATION CIRCUITS SELECTION GUIDE 


MULTIPLEX COMMUNICATION CIRCUITS DATA SHEETS 


CDP68HC68S1 
HIP7010 
HIP7020 
HIP7030A0 
HIP7030A2 
HIP7038A8 


Deng! BUS NMGUACO. csc ccvacccenivebeenwwanisensie 
J1850 Byte Level Interface Circuit.................... 
J1850 Bus Transceiver I/O for Multiplex Wiring.......... 
J1850 8-Bit 68HCO5 Microcontroller Emulator Version... . 
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Multiplex Communication Circuits Selection Guide 


PART SUPPLY 
NUMBER DESCRIPTION APPLICATIONS VOLTAGE TEMPERATURE 
CDP68HC68S 1 SPI Serial Bus Interface with CCD 8/16-Bit Serial 3V to 6V -40°C to +105°C 14 Lead PDIP 
Collision Detection and Arbitration | Bus and 20 Lead 
SOIC 


HIP7010 J1850 Byte Level Interface Circuit | J1850 Class B 3V to 6V -40°C to+125°C | 14 Lead PDIP 
Variable Pulse Width and SOIC 


(VPW) 
and 8 Lead 


HIP7020 J1850 Bus Transceiver I/O for J1850 Class B 6V to 24V -40°C to +125°C 
Multiplex Wiring Variable Pulse Width 
(VPW) SOIC 
HIP7030A0 J1850 8-Bit 68HC05 J1850 Class B 3V to 6V ~40°C to +125°C 68 Lead PLCC 
Microcontroller Emulator Version Variable Pulse Width 
(VPW) 
HIP7030A2 J1850 8-Bit 68HC05 J1850 Class B 3V to 6V -40°C to +125°C 28 Lead PDIP 
Microcontroller Variable Pulse Width and 28 Lead 
HIP7038A8 J1850 8-Bit 68HC05 Micro- J1850 Class B 5V -40°C to +125°C 
controller 8K EEPROM Version Variable Pulse Width 
(VPW) 


8 Lead PDIP 


(VPW) SOIC 


28 Lead 
Ceramic SOIC 
Flatpack 


ghrarRs CDP68HC68ST 


April 1994 Serial Bus Interface 


Features Description 


¢ Differential Bus for Minimal EMI The CDP68HCESS1 Serial Bus Interface Chip (SBIC) provides 
a means of interfacing in a Small Area Network configuration, 
various microcomputers (MCU’s) containing serial ports. Such 
Ideal for Twisted Pair Wiring MCU’s include the family of 68HCO5 microcontrollers. The SBIC 
provides a connection from an MCU’s Serial Communication 
Interface (asynchronous UART type interface) or Serial Periph- 
Bus Arbitration eral Interface (synchronous) to a medium speed asynchronous 

two wire differential signal bus designed to minimize electro- 
Idle Detection magnetic interference. This two wire bus forms the network bus 
Programmable Clock Divider to which all MCU’s are connected (through SBI chips). See Fig- 

ure 1. Each MCU operates independently and may be added or 
Power-On Reset deleted from the bus with little or no impact on bus operation. 

Such a bus is ideal for inter-microcomputer communication in 

hazardous electrical environments such as automobiles, aircraft 


Ordering Information | or industrial control systems. 


In addition to acting as bus arbitor and interface for microcom- 
PART TEMPERATURE puter SCI port to differential bus communication, the 
NUMBER RANGE CDP68HC68S1 contains all the circuitry required to convert 
ine . and synchronize Non-Return-to-Zero (NRZ) 8-bit data received 
paidiidacericlee coabisdhccdieielis on the differential bus and clock the data into a microcomputer’s 
CDP68HC68S1M | -40°C to+105°C | 20Lead SOIC (w) | SPI port. Likewise, data to be sent by a microcomputer's SPI 
port is converted to asynchronous format by appending start 

and stop bits before transmitting to other microcomputers. 


Refer to the data sheet for the CDP68HCO5C4 for additional 
information regarding CDP68HCOS5 microcomputers and their 
Serial Communications and Serial Peripheral Interfaces. 


The CDP68HC68S1 is supplied in a 14 lead dual-in-line plastic 
package (E suffix), and in a 20 lead small outline plastic pack- 
age (M suffix). 


High Common Mode Noise Rejection 


Data Collision Detection 


Operating voltage ranges from 4V to 7V and operating temper- 
ature ranges from -40°C to +105°C. 


MULTIPLEX 
COMM. CIRCUITS 


Pinouts 


CD68HCE8S1 (PDIP) CD68HC68S1 (SOIC) 
TOP VIEW TOP VIEW 


119] CONTROL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 91 8 3 
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CDP68HC68S1 


Block Diagram 


SCK ( ) 
To ype 
FROM < XMIT * ARBITRATION COLLISION 


MCU DETECTOR DETECTOR cc 
ts aot EO & 

aw 

IDLE GS 

move (_) DETECTION reat 
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WORD COUNTER ra 

CLOCK AND CONTROL Q 

DIVIDER CLOCK 
GENERATOR 
ryt) ene TO OTHER 
SBI CHIPS 
CLK A 8B CONTROL IDLE 


Specifications CDP68HC68S 1 


Absolute Maximum Ratings Thermal Information 

SUpplY VollagG (Von) uke ccavcavesses cues seanee -0.3V to+7.0V Thermal Resistance Bia 

inOUE VORAGS (Vii) inccnscacneeescee on Vgg -0.3V to Vpp+0.3Vp¢ Pigstic OP PAChAGG si iwns seared ceascadvakesodase 100°C/W 

OG WG COMO Cad 24 da cginndens 05.506 208 eeeecasedeaas +10mA Piast SOG PAGAGG «cece cad nese ceas swans ceaduc 120°C/W 
Storage Temperature Range (Tstq).........--- -55°C to +125°C 
Lead Temperature (Soldering 10s) ............0.eeeeee +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature (Ty) ............eeeeee -40°C to+105°C DC Operating Voltage Range (Vpp) ...........02 eee +4V to +7V 
DC Electrical Specifications 1, = -40°C to +105°C Unless Otherwise Noted. External Bias (Vo) shall be 1.8V to 3.13V Unless 
Otherwise Noted. 
CHARACTERISTICS SYMBOLS TEST CONDITIONS | MIN | MAX | UNITS | 


SIGNAL I/0 SECTION 


Output Voltage High Level Vo Open Circuit 
Output Voltage Low Level Vou Open Circuit Vpp-0.05 
Input Voltage Low Level 0.3Vpp 


Input Voltage High Level 0.7Vpp 


Output High Drive (Source) Current 
(REC Pin) 


Vou = 4.6V, Vop = 5V 


Output High Drive (Source) Current 
(IDLE, Control Pins) 


Output Low Drive (Sink) Current lot Von = 0.4V, Vop = 5V 
(IDLE, Control, REC) 


DIFFERENTIAL TRANSCEIVER (SEE FIGURE 4) 
TRANSMITTER 


BUS+ wi Vo = Vpp/2, Ry = 1202 2.75 
Vo = Vpp/2, Ry, = 1200 
Vo = Vpp/2, Ry, = 1200 
Vo = Vop/2, Ry = 1202 


Vop = 5V +0.5V 


Vop = 5V, Cc. = 25pF 
Vop = 5V, C, = 25pF 
Vop = SV, Ci = 25pF 


Von = 4.6V, Voo = 5V 


i 


ff lelelele 


BUS- -2.75 


IBoL 


AOL ° IBo Match 


Output Rise Time (BUS+) 
Output Fall Time (BUS-) 
Transition match (50% Point) 


RECEIVER 


3 
< 


Differential Sensitivity 


Hysteresis (Within Viny, Vip, Limits) 


Vo = 2.5V, Ry = 1202, Vpp = 5V 
Vo = 2.5V, Ry = 1202, Vpp = 5V 
Vo = 2.5V, Ry = 1202, Vpp = 5V 
Vion =120MV, Vpp = 5V 

Vop = 5V 

Vop = 5V 

Vop = OV, Vo = 2.5V 

Vop = 5, Ry = 1200, C, = 25pF 


ViDH 


Vint 


3 
< 


700 


Propagation Delay 


Vi 
Out of Range Vax 
VIN 


Quiescent Device Current 


Clock Speed 
(Note) 


NOTE: Although 1MHz is generally used as an example throughout this datasheet, the maximum speed limit may be higher and depends 
upon user’s noise tolerance requirements. 


Oo 
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MULTIPLEX 


COMM. CIRCUITS 


CDP68HC68S1 


The Serial Bus IC offers the user three possible modes of 
operation as defined by Table 1 - SCi (Note 1), SPI, and Buff- 
ered SPI. Also included is a “three-state mode” entered by 
pulling the CS pin high while in the Buffered SPI mode. As 
the name implies, the SCI mode is used when communicat- 
ing through the microcomputers SCI port. In this mode, 
asynchronous NRZ data format (1 start bit, 8 data bits ‘least 
significant bit first’, and 1 stop bit) and baud rate remain the 
same on each “side” of the SBIC, i.e. to and from the micro 
and to and from the differential network bus. 


TABLE 1. MODE AND CHIP SELECT DEFINITION 


sicuP none | moomen | csen_| 
ee Se 
ieceoiio®: | 8 | ft 


NOTES: 


1. SClis the UART interface of a 68HCO5 MCU. The 
CDP68HC68S1 is cornpatable with most UART devices. 

2. The three-state mode is only entered when using the Buffered 
SPI mode. In the three-state mode, only the XMIT, REC, and 
SCK pins are three-stated. The CONTROL and IDLE pins are al- 
ways active. 


During data transmission, while a byte is being transmitted 
from the MCU through the SBI chip onto the differential bus, 
it is also reflected and simultaneously received back at the 
micro, (this is required for bus arbitration as described later). 


ap DIFFERENTIAL BUS 
__SPIORSCI_| SPI OR SCI 


Z fe 


FIGURE 1. POSSIBLE NETWORK CONFIGURATION-VARIOUS 
MICROCOMPUTERS USING SBI CHIPS TO COM- 
MUNICATE ALONG DIFFERENTIAL BUS. 


In addition to performing a framing error check in the SCI 
mode, other advantages gained by using the SBIC (in any 
mode) include greater system EMI tolerance and automatic 


bus “monitoring”. The Serial BUS Interface chip handles bus 
arbitration, data collision detection, and provides short circuit 
protection. 


A 68HCOS MCU’s SPI port may instead be used for bus 
communication. Two modes of SPI operation are available 
with the SBIC - one essentially places the 68HCO5 micro- 
computer in the slave mode and the other allows the MCU to 
remain a master. In the normal SPI mode the SBIC acts as a 
master and supplies a data-synchronizing serial clock signal 
to the micro (which operates in the slave mode) for shifting 
data in or out of the micro’s 8-bit SPI data register. Again, 
baud rates are the same on each side of the SBIC, however, 
the user must reverse the bit order of a byte transmitted or 
received via the SPI port due to the SPI’s most significant bit 
first serial data nature. In addition, since the user microcom- 
puter is operating in the slave mode it must signal the SBI 
chip (by pulling the CONTROL line low) to initiate a transmis- 
sion. As in the SCl mode, during a transmission, the byte 
originally in the SPI data register is replaced by the byte 
reflected from the bus. 


Transmission and reception of data in the Buffered SPI mode 
allows the user to free the micro’s SPI port by allowing fast 
data communication (1M bits/second) between the SPI port 
and SBIC. For instance, if the MCU is transmitting, the SBIC 
converts the data stream from the MCU’s SPI port to a 
slower speed for transmission along the differential bus 
when the bus becomes idle. Data speed conversion is 
accomplished via a 2 byte (16-bit) data buffer register resid- 
ing in the serial bus chip. In this mode the MCU operates as 
a master and provides the serial clock signal to the slave 
SBIC peripheral. After fast data has been sent to or received 
from the SBIC, the micro can pull the SBIC’s CS pin high 
(placing the SBIC chip in the three-state mode) and then use 
the SPI port to access other SPI peripherals. 


All transfers between the user MCU and the SBIC in the 
Buffered SPI mode consist of 2 bytes, i.e. a message con- 
sists an even number of 8-bit transfers. A microcomputer 
wishing to transmit loads 2 bytes into the serial bus IC data 
register and then pulls the control pin low to initiate transmis- 
sion. During transmission the 2 bytes placed into the buffer 
are replaced by the two reflected bytes received from the 
bus. After every 2 byte transmission the user micro should 
transfer the two reflected bytes out of the buffer and the next 
2 bytes to be transmitted into the buffer. 


TABLE 2. CLOCK PROGRAMMING 
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Functional Pin Description 


PIN NUMBER | SYMBOL IN/OUT DESCRIPTION 


This is the clock input that shall be divided by the SBIC (as described in Table 2) and used 
as an internal synchronizing clock. The internal clock is then further divided by 128 to de- 
termine baud rate, i.e. 128 internal clock periods constitute 1-bit length. 


Programing inputs of the clock divider. These inputs are tied to +Vpp or Vsg depending 
upon speed of external clock source. (See Table 2) 


This input shall be used in conjunction with cs input to define the mode of operation (see 
Table 1). It may be permanently wired to +Vpp or Vsg or driven high or low by MCU I/O 
lines. 


This is the two wire differential bus I/O used to transmit and receive data to and from the 
differential bus. BUS+ is both responsive to, or driven positive by sourcing current from 
an externally established bias point. This sourcing current matches the BUS- I/Os sinking 
current. BUS- is both responsive to, or driven negative by sinking current from an exter- 
nally established bias point. This sinking current matches the BUS+ I/Os sourcing current. 


Power and ground reference are supplied to the device via these pins. Vpp is power and 
Vgg is ground. 


In the SCI mode this data input shall come from the microcomputer standard NRZ asyn- 
chronous communications output port (68HC05 SCI port pin TxD). In the SPI modes, it 
shall come from the microcomputer’s synchronous output port (68HCO5 SPI port pin 
MOSI or MISO). 


Output In the SCI mode this data output shall be fed into the microcomputer asynchronous com- 
munications input port (68HC05 SCI port pin RxD). In the SPI modes it shall be fed into 


the microcomputer’s synchronous input port (6805 SP1 port pin MOSI or MISO). 


Input/Output | In the SCI mode, this I/O is not required. In both SPI modes this pin is connected to the 
68HC05’s SPI port SCK pin. In the normal SPI mode, the SBIC shall produce shift clock 
pulses via this pin for synchronously shifting data into and out of the microcomputer. In 


the Buffered SPI mode this pin is an input and the microcomputer shall generate the shift 
clock pulses. Figure 3 shows the relationship between the serial clock signal and other 
SBIC signals in the SPI mode. 


This input shall be used in conjunction with the mode input and shall be used as a chip 
select (See Table 1). It may be permanently wired to +Vpp or Vgg or driven high or low by 


MCU //O lines. e 

<> 

Input/Output | The microcomputer shall monitor this signal to determine the bus condition and also pull a oO 
this line low to generate a break. The IDLE signal goes low when the bus is idle (after a. a 

sensing an End of Message condition) and high when the bus is active. On reset, this pin r oO 

is set to a logic zero. ee 

== 

Oo 

O 


Control Input/Output | The microcomputer shall monitor this I/O pin in the SPI mode to handle transmission and 
reception of data. In the SCI and SPI modes, as an output, this pin will go low to indicate 
that a data byte is currently active on the bus. In the Buffered SPI mode the control pin 
indicates whether the user microcomputer has current access to the SBI chip’s internal 2 
byte buffer (signified by a logic high on the control pin). In both SPI modes the control pin 
is also effective as an input. In these modes the control pin is pulled low by the user mi- 
crocomputer to initiate a transmit operation by the SBIC. The control pin is normally high 
when the bus is inactive. On reset, this pin is set to a logic high. 
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Differential Transceiver Cell 


The differential transceiver is a serial interface device which 
accepts digital signals and translates this information for 
transmitting on the two wire differential bus. 


The transmitter section (shown in Figure 4), when transmit- 
ting, provides matched constant current sources to the bus 
“+” and bus “-” I/O sourcing and sinking respectively. When 
transmitting, a logic zero at the “transmit data” input causes 
the bus “+” I/O to provide source current and the bus “-” I/O 
to provide a matched sink current. A logic one at the “trans- 
mit data” input causes the bus “+” and bus “-” I/Os to simulta- 
neously provide a high impedance state. The bus depends 
on external resistor components for bias and termination. 
Recommended resistor sizes are shown in Figure 4. 
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FIGURE 4. DIFFERENTIAL DRIVER/RECEIVER 


A zero transmitted on the bus will appear as a large voltage 
drop across the BUS+ and BUS- pins, i.e. BUS+ might typi- 
cally sit at +2.8V and BUS- at +2.2V for a logic zero. For a 
logic level one, the SBIC actually three-states the BUS+ and 
BUS- pins and relies on external resistors to bias the bus 
lines. The lines are both biased to sit at approximately 2.5V 
with a small (perhaps 20mV) voltage drop across the two 
lines. In this condition the BUS- line actually sits at a slightly 
higher potential than the BUS+ line. See Figure 5. Thus, the 


START 


DIFFERENTIAL iid . . ‘ 
BU 


SCK 


XMIT 


REC 


bus actually “floats” to a logic level one, but must be driven to 
a logic ievel zero. Logic 0-bits always dominate over logic 1- 
bits on the bus. If two MCU’s simultaneously transmit a zero 
and a one on the bus, the zero will override the one and the 
bus will merely appear to be transmitting a zero. The “mark- 
ing” or idle signal on the bus is a logic one. If the bus is idle 
or if a micro is sending a logic one, then a one will appear on 
the bus. 


In addition to the transmission of data, the differential data 
transceiver accepts at its bus “+” and bus “-” I/Os, serial dif- 
ferential data which is translated into the standard digital 
logic levels. This reception of data also occurs while trans- 
mitting, thus reflecting the data seen on the bus back into the 
SBIC data register. 


Vpp = 5V 
28 0.6V 
20mV MAX. 
BUS- 
= BUS+ 
LOGIC 1 
LOGIC 0 
2.2 
LOGIC 0 
Typical voltage levels seen on BUS+ and BUS- 
APPROX. V/O pins for logic zero and logic 1-bits. Notice 
VOLTAGE that the BUS- Pin is biased to actually sit a 


higher voltage potential than the BUS+. Values 
shown are for Vop = 5V 


FIGURE 5. 


The differential transceiver cell allows bus activity by other 
devices on the bus “+” and bus “-” I/Os when power to the 
cell is shut off. Therefore, this powered off condition places 
the transceiver outputs, BUS “+” and BUS “-”, in a high 
impedance state. When the cell is either being powered up 
or down, with or without bus activity, SCR latch-up protection 
is provided such that this activity is not affected. 


IOLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE 
STOP BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT 
7 BF 1 2 3 4 5 6 FT 8 9 10, 11 


'  iMSB 6 5 4 3 2 14 LSB 
CONTROL (1)(3) ‘_ °°" °° °° «= 
: (4 


CONTROL (2) 


ne Z a 


NOTES: 
1. The control signal at the transmitting node. 
2. The control signal at the receiving node. 


3. There is a delay between the control pin being pulled low and the actual beginning of the start bit. 
4. If the control pin is again puled low before the end of the stop bit, then the next start bit will begin at the end of the previous stop bit. 
FIGURE 3. SCK, CONTROL, AND IDLE SIGNALS DURING THE SPI MODE OF OPERATION 
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Receive data is an output from the differential transceiver 
cell. It is the output of a differential amplifier which decodes 
the bus “+” and “-” I/O. When the bus “+” and “-” has been 
driven positive and negative respectively to a differential volt- 
age value greater than Vipy, the output of the differential 
amplifier is a logic one, which is inverted and considered a 0- 
bit from the bus. Otherwise, for level below Vip, the differen- 
tial amplifier output is a logic zero, which, in turn, is inverted 
and considered a 1-bit from the bus. 


Twisted wire pair (or adjacent PC board traces) Is rec- 
ommended for the two differential bus lines. 


The BREAK input, when held at a logic zero, (low) causes 
the differential transmitter driver to generate a continuous 
logic level zero on the differential bus. This action can gener- 
ate a data collision which can be either used as a break or a 
request for arbitration by the system. When held at logic one, 
(high) this input has no effect on the operation of the cell. 


The out of range output is normally a logic zero but goes to a 
logic one when the common mode voltage on both differen- 
tial bus inputs exceeds a voltage value greater than Viyax or 
less than Vin (See device specifications). This output is 
used by a latch to hold the received data at the logic level it 
was before the over range signal occurred. 


Provided on chip is a power-on reset function. The transceiver 
cell’s reset output is held to a logic zero on power up and 
switches to a logic one at or before Vpp rises to 4.0V. This out- 
put is used to ensure that other on-board logic has been prop- 
erly initiated. During this reset time, the bus “+” and the bus “-” 
V/Os provide a high impedance state to the bus. 


Bus Speed 


SBIC systems typically use a bus speed of 7812.5 bits/sec- 
ond which is accomplished by using a 1MHz internal clock. 
However, no restriction on any other baud rate is designed 
into the chip, except its upper speed limit (see device specifi- 
cations). 


Bus Byte Format 


All bytes transmitted on the bus follow the standard UART 
style asynchronous non-return-to zero data format consist- 
ing oft start bit (logical zero) followed by 8 data bits (LSB 
first), and 1 stop bit (logical one). 


Bus Message Format 


All messages transmitted on the bus consist of a number of 
bytes, from 1 to N, with no restriction on length. The user must 
be aware, however, that the longer the message length, the 
greater the probability of collision with messages being trans- 
mitted at random from other masters on the bus. Typical mes- 
sage lengths of systems now in use range from 1 to 4 bytes. 


The actual definition of each byte sent is left for the user to 
determine, i.e. the user must define the system protocol. For 
instance, a typical (and recommended) protocol might dic- 
tate that the first byte of each message sent be a unique 
address/identification byte. The first byte sent by a node (an 
MCU coupled with an SBI chip) might contain address infor- 
mation telling where (to which node[s]) the message is tar- 
geted for or where the message came from. 


Other possibilities would be to identify the type of message 
sent (e.g. an instruction or just information) or the length of 
the message. The remaining bytes in each message can be 
merely data bytes that comprise the actual message. The 
user can even use the last byte as a check sum so that all 
receiving nodes can check for errors in transmission. 


Messages are normally received by all nodes on the bus and 
may be processed by one or more micros, i.e., each MCU 
may decide, after receiving the first byte (address/ID byte) 
that this particular message is not needed for its operation. 
The MCU can then ignore the remainder of the message. 


Prioritization 


Since simultaneous transmission of address/ID bytes from 
several microcomputers is a possibility, a system of prioriti- 
zation should be determined for bus arbitration. Due to the 
electrical characteristics of the differential data bus, each 
unique address/ID byte can automatically contain priority 
information used for bus arbitration. Merely use “lower” value 
ID bytes for higher priority messages. “Lower” value, in the 
SBIC case, means an ID byte with more zero’s in its least 
significant locations. To further explain, since the differential 
bus transmits data least significant bit first and a zero over- 
rides a 1-bit simultaneously transmitted by different nodes, 
an ID byte with least significant bit equal to zero will override 
an ID byte from a micro whose least significant bit is a one. If 
this does occur on-chip bus arbitration will automatically 
allow only one SBIC chip (with the highest priority address/ 
ID byte) to continue transmitting. In this case it is the micro 
who transmitted the O-bit. Assuming both ID bytes contain 
identical LSBs (bit 0) then arbitration is carried on to the next 
bit (bit 1),and soon. 


Reflected Data 


Whenever a microcomputer sends data through the SBIC 
and onto the differential bus, it will always receive reflected 
data back. The reflected data is the data that was actually 
seen on the bus. Keep in mind that during data collisions 
between simultaneously transmitting micros, zeroes override 
ones. In addition, any noise that may have been induced on 
the bus may alter the resultant reflected byte. 


Bus Arbitration 


Bus arbitration is the attempted transmission onto the differ- 
ential bus of an initial byte (preferably an address/ID byte) by 
one or more user microcomputers. The purpose of bus arbi- 
tration is to enable a single microcomputer to obtain sole 
usage of the bus for the purpose of transmitting a message. 


Bus arbitration is accomplished via a combination of meth- 
ods which include an MCU software comparison of transmit- 
ted bytes to reflected bytes, the SBIC’s collision detection 
circuit, and its start bit arbitration detector circuits. 


Collision Detection 


The SBIC’s collision detector circuit compares the bits being 
sent from a user microcomputer to the reflected byte simul- 
taneously received back from the differential bus. If the colli- 
sion detector detects a difference in the data, it immediately 
blocks the user microcomputer’s transmitted data from fur- 
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ther reaching the bus. This will happen, as stated in the “Pri- 
oritization” section, when a micro with a higher priority 
address/ID byte attempts “simultaneous” transmission (actu- 
ally, i.e. within a time window of 1/4 bit time). That micro, with 
a higher priority ID byte, is obviously sending a O-bit and its 
reflected byte matches the byte it is sending. Not detecting a 
collision, it continues to transmit its message, while the lower 
priority MCU is cut off from transmitting on the bus. The 
lower priority micro will be inhibited from transmitting on the 
bus until the message presently on the bus has ended (EOM 
= “End of Message” condition). 


End of Message Condition 


After transmitting the last byte of a message, the transmitting 
MCU must generate an End of Message (EOM) condition. 
An EOM condition is defined as a 10-bit length idle condi- 
tion, i.e., the bus must remain idle (logic!) for a period of 10- 
bit times (1280 internal clock periods). This can be done by 
merely creating a 10-bit delay in MCU software. 


Start Bit Arbitration Detection 


Arbitration, as discussed above, is only necessary when two 
or more micros attempt to transmit within 1/4 bit time (32 
internal clock periods) of each other. Otherwise, once a 
micro begins a transmission on the differential data bus, all 
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other SBI chips sense the start bit and inhibit their microcom- 
puters from transmitting (again, after a 32 clock period arbi- 
tration window delay). Once the arbitration detector circuit 
has blocked an MCU’s transmission, access to the bus will 
be blocked until an End of Message condition. 


Start of Message Delay 


In order to properly synchronize various MCU’s (which may 
be using different modes of operation) for impartial arbitra- 
tion, each node must delay 2-bit times (256 internal clock 
periods) after detecting the IDLE signal drop low before 
transmitting, i.e., before the start bit of the next message 
reaches the bus. When using the SPI or Buffered SPI 
modes, this delay is automatically designed into the SBI 
chip. However, when using the SCI mode, the MCU must 
support this required delay. Fortunately, 68HCO5 microcom- 
puters using the SCI port will inherently experience a delay 
between the time that the SCI data register is loaded and the 
time that the start bit actually appears on the SCI port trans- 
mit pin (TxD). At a baud rate of 7812.5 bps this delay can be 
as long as 256 SBI chip internal clock periods. If this is so, 
then the user MCU does not have to worry about providing 
this delay. 
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NOTES: 
. USER #1 is note transmitting + marking. 


. Point at which USER #2 loses bus arbitration. 
. Point at which USER #3 loses bus arbitration. 
. Point at which USER #3 loses bus arbitration. 
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. This ‘1’ bit is not overridden by the ‘0’ bits from users 2 and 3 because both users 2 and 3 have previ- 
ously been blocked from bus access due to data collisions. 


. The control pin on the transmitting node goes low earlier in both SPI modes (it is pulled low by micro). 


. The control pin remains low until the end of the last data bit of the 2 byte set when using the buffered 
SPI mode, but goes high at the middle of the last data bit in other modes. 


N oO 


FIGURE 6. EXAMPLE OF THE SCI CHIP OPERATING DURING BUS ARBITRATION 
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Idle Detection 


An idle detector circuit is used to detect when the differential bus 
is in the idle condition, i.e., no user microcomputer has control of 
the bus and the bus is sitting at a mark condition (a logic one). 
The idle detector senses a received stop bit and delays for a 
short idle period of 10-bit times, during which the bus must 
remain idle. The idle output pin is then set to a logic zero (true). It 
is later set to a logic one by receiving a start bit. During the 10-bit 
time delay, if a non-idle condition such as noise is detected on the 
bus, the delay period counter will be restarted. 


Due to the 10-bit time idle delay period, once an MCU wins 
bus arbitration, it should send the next data byte to be trans- 
mitted within a period of 10-bit times (1280 internal clock 
periods). Each subsequent data byte to be sent should also 
not exceed the interbyte maximum of 10-bit times. If this 
maximum is exceeded, all SBIC chips will have detected the 
idle condition and now pull their idle lines low and reset their 
bus arbitration and collision detection circuits, thereby allow- 
ing other SBI chips with messages to send to arbitrate for the 
bus. Figure 6 shows the detailed operation of the serial bus 
interface chip during bus arbitration. This example shows the 
arbitration of a single byte (e.g. the address/ID byte) from 
three different user microcomputers. Two full arbitration 
cycles are shown. 


Break Generator 


A request for arbitration can be generated by a node that 
needs to interrupt transmission of a long data_string. This 
can be accomplished by forcing the SBIC’s IDLE pin to a 
logic zero; this forces a data collision (by sending 0-bits) 
after three data bytes have been transmitted, and the trans- 
mitting MCU is required to detect this break condition and 
stop transmitting. It is, however, allowed to re-arbitrate for the 
bus and the interrupting mode may not generate a second 
break condition if it loses arbitration. 


Using the CDP68HC68S1 


Following are some hardware and software recommenda- 
tions for using CDP68HC68S1 Serial Bus Interface Chip. 
Requirements may vary depending upon the user’s system 
configuration. 


Hardware (General) 


The differential bus lines (BUS+ and BUS-) must be termi- 
nated with external resistors as shown in Figure 4. This 
applies, however, only to one node (an MCU/SBIC pair) 
along the bus. Since all SBI chips are wired in parallel across 
the network bus, there is no need for additional 13K bias 
resistors at each node. The 1200 termination resistors 
should, however, be present at two nodes if the network 
does indeed contain two or more nodes. The 120Q resistor 
provides the voltage drop across which the SBI chip senses 
logic zero and logic 1-bits. If two nodes each utilize 120Q ter- 
mination resistors as shown in Figure 7A, the effective resis- 
tance across the BUS+ and BUS- pins drop to 60Q total (due 
to the parallel wiring method). Any less resistance would not 
provide an ample voltage drop for the receiver cell op amp to 
sense. Following these guidelines, typical systems might 
look like those shown in Figure 7. 


BUS- 
SBIC 


SBIC 


HE 


NOTE: Hardware cotiiinutation for a network consisting of two 
microcomputers. Notice that the pullup resistor is connected to 
the BUS- pin and the pulldown to BUS+. 


BUS+ 


FIGURE 7A. 
13Ka | 200] 13K a Oa 
vo | T= 
BUS- BUS+ BUS- BUS+} [BUS-BUS+] [BUS-BUS+ 
SBIC SBIC SBIC SBIC 
SPI OR SCI SPI OR SCI SPI OR SCI SPI OR SCI 


NOTE: Hardware configuration for a network consisting of 3 or 
more MCU’s. Notice that the bus utilizes no more than 1 set of 13K 
bias resistors and no more than two 120Q termination resistors. 


FIGURE 7B. 


FIGURE 7. HARDWARE CONFIGURATION FOR A NETWORK 
OF MICROCOMPUTERS 


Software (General) 


Although each user’s protocol may vary, the following gen- 
eral procedure should be followed when using the SBI chip 
in any mode: 


When a microcomputer is preparing to transmit a message it 
should monitor the SBIC’s IDLE pin and wait for it to go low 
(logic zero) indicating the bus is idle. Then the MCU 
attempts to transmit the first byte (preferably an Address/ID 
byte). If no other MCUs are transmitting at this time, or if this 
MCU has the highest priority ID byte, the SBI chip’s collision 
detector circuit will permit transmission. 


The microcomputer must then confirm transmission by read- 
ing the byte reflected back from the bus. If this byte matches 
the byte transmitted then the MCU has gained control of the 
bus and may continue to transmit the remainder of the mes- 
sage (if any). 


If the reflected byte does not match the ID byte sent then the 
MCU has not gained control of the bus and may not pres- 
ently transmit. It should, however, check the reflected ID byte 
to see if the incoming message (i.e. the message from the 
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FIGURE 8. GENERAL MESSAGE PROCESSING. 


arbitration-winning MCU) is of any interest. If so, it should 
save the incoming message (the length of which may be 
specified in the ID byte) and then wait for the IDLE line to go 
high before re-attempting transmission (if still desired). The 
flowchart in Figure 8 reflects this procedure. 


The SCI Mode, Hardware 


In the SCI mode, the TxD and RxD pins on the user micro- 
computer must be connected to the XMIT and REC pins on 
the SBIC chip, respectively, as shown in Figure 9. The 
MCU’s SCI port should be configured for the same baud rate 
and character format as that used by the bus interface (i.e. 1 
start bit, 8 data bits and 1 stop bit). The start and stop bits 
are used to synchronize the data, a byte transfers between 
the user microcomputer and the SBI chip. When using the 
SCI mode, the SBI chip should always be properly mode and 
chip selected. This can be accomplished by either a user 
microcomputer output signal or by permanent wiring. This is 


required in order to always be able to receive messages 
from other microcomputers on the bus, which can happen at 
random. For the SCI mode, the SBI chip's MODE pin must 
be set to1 and the CS pin to 1. 


SCI Mode, Software 


The procedure to follow for transmitting/receiving in the SCI 
mode is basically identical to that stated in the “Using the 
CDP68HC68S1-Software” section above, with the following 
exception: 


Start of Message Delay 


Transmitting a byte via the 68HCO5 SCI port basically requires 
loading the byte into the MCU’s SCI data register (once the 
SCI port is initialized). However, after the SBIC’s IDLE pin 
drops low, the user may have to create a delay before trans- 
mitting the FIRST byte of a message; this necessary 2-bit 
time (256 internal clock periods) delay is called the Start of 
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Message (SOM) delay. Fortunately, SCI ports exhibit an inher- 
ent delay between the loading of the transmit data buffer and 
the actual beginning of the start bit appearing on the TXD pin. 
This delay, at 7812.5 Baud, can be as long as 256 SBI chip 
internal clock periods and can be used to synchronize SCI 
users with SPI and Buffered SPI users to ensure impartial bus 
arbitration. The delay for a particular microcomputer must be 
determined by the user. If this inherent delay is less than 256 
clock periods, then the user must delay the loading of the first 
byte enough to ensure that the total delay including the inher- 
ent delay of the SCI port is 256 clock periods. 


~ DIFFERENTIAL 
BUS 


FIGURE 9. USING THE SCI MODE 


Monitoring the IDLE Pin 


The user microcomputer must monitor the IDLE pin on the SBIC 
chip in order to determine when a message ends, when the next 
received byte is a Msg ID byte, and when to attempt arbitration 
if the user microcomputer has a message to transmit. 


The _user microcomputer must be able to both detect when 
the IDLE signal goes from high to low and sense at other 
times whether it is either high or low. Detecting the change 
from high to low is necessary in order to Know exactly when 
the bus goes idle. An MCU can then begin bus arbitration by 
attempting to transmit. Being able to sense the level of IDLE 
is necessary in order to be able to start transmitting a mes- 
sage sometime after IDLE has gone low but no other user on 
the bus has had a message to transmit for a length of time. 


Instead of polling the IDLE pin via an MCU input pin, the 
user may wish to conserve CPU time by using interrupts to 
monitor bus activity. The user microcomputer’s external 
interrupt pin (IRQ) can be used to edge detect the IDLE pin 
for high to low transitions. 


Using 68HC05 SCI Port Flags 


During message reception, the 68HCO5 SCI port receive 
data register full flag (RDRF), and optionally its associated 
interrupt, can be used by the user microcomputer to deter- 
mine when to unload the next received byte. 


The user may wish to ignore the RDRF flag and disable the 
RDAF interrupt during reception of an unwanted message. 
In this case the user can merely wait for the IDLE pin to go 
low before attempting any further actions. 


The normally available transmit data register empty flag 
(TDRE) can be used to determine when to load the next byte 
to be transmitted onto the bus. If there are no more bytes to 
be transmitted, then consider the last message as having 
been transmitted, and generate an End Of Message (EOM) 
(i.e. transmit a logic 1 for 10 contiguous bit times by creating 
a software delay). 


Framing Errors 


While in the SCI mode, the SBI chip is capable of detecting 
incoming framing errors. It will do this even though the 
incoming signal is also echoed to the user microcomputer, 
which should also detect the framing error via its’ UART. 
When a framing error is detected by the SBI chip, the gener- 
ation of the SCK pulses is terminated until and End Of Mes- 
sage is detected. 


The SPI Mode Hardware 


The Master Out Slave In, (MOSI), and Master In Slave Out, 
(MISO), pins on the user microcomputer are connected to 
the REC and XMIT pins of the SBI chip, respectively, as 
shown in Figure 10. The SCK pins on the user microcom- 
puter and the SBI chip are connected together. Synchroniza- 
tion of data transferred between the user microcomputer and 
the SBI chip is done by using the SCK signal provided by the 
SBI chip. 


In the SPI mode of operation the SBI chip should always be 
properly mode selected. This may be accomplished either by 
a user microcomputer output signal or by permanent wiring 
in order to guarantee that the SBI chip will always be able to 
receive messages from other microcomputers on the bus, 
which may happen at random. To select the SPI mode, set 
the MODE pin to a logic | and the CS pin to a logic 0. 


~ DIFFERENTIAL 
BUS 


CONTROL 
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FIGURE 10. USING THE SPI MODE 


The user microcomputer should configure its SPI port for 
slave mode operation with SCK positive polarity and data 
transfer on SCK leading edge (i.e. CPOL = 0, CPHA = 1, for 
68HCO5 microcomputers). 8-bit data transfers between the 
user microcomputer and the SBI chip occur at differential 
bus transfer speed. 


In the SPI mode, the user microcomputer operates in the 
slave mode and the SBI chip operates as the master. The SS 
pin on the user microcomputer must be wired low or forced 
low whenever the SBI chip has incoming data. It may be use- 
ful to connect the CONTROL pin of the SBI chip to the Slave 
Select (SS) pin of the 68HCO5 microcomputer. The SBI chip 
will then control the user microcomputer’s SPI port. The user 
microcomputer can request transmission of data onto the 
bus by the SBI chip by loading data into its SPI data register 
and then pulling the SBIC’s CONTROL pin low (for at least 
Ips). However, it must do so before the SBI chip has begun 
to receive data from another MCU. 
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SPI Mode, Software 


The SPI mode is similar to SCI mode in that the user micro- 
computer sends/receives data to/from the SBI chip 1 byte at 
a time. In the SPI mode, however, the user microcomputer 
must reverse the bit order of transmitted and received bytes. 
When transmitting a message, each bit of a transmitted byte 
is simultaneously transmitted onto the bus and a reflected bit 
is simultaneously received from the bus. 


Monitor and Control of the CONTROL Line 


In the SPI mode, the user microcomputer monitors the CON- 
TROL pin on the SBI chip in order to determine if the SBIC is 
ready to accept a transmit request. Actually, a data collision 
may still occur and the user microcomputer must always be 
ready to handle it. 


The CONTROL signal is normally high and goes low when 
data is on the bus or when pulled low by the user microcom- 
puter. After being pulled low by the user microcomputer, which 
signals a request to begin the transmission data, the CON- 
TROL signal will latch low and stay low until the middle of the 
last data bit has been transmitted and appears on the bus. 


The CONTROL signal will also go low at the beginning of the 
first data bit, wnen received from the bus. It will then go high 
at the middle of the last data bit. 


When the SBI chip begins to receive a byte of data from the 
bus and the user microcomputer has not pulled the SBIC’s 
CONTROL line low, the SBI chip will pull CONTROL low and 
start generating the SCK clock signal. As each data bit is 
received it is clocked out of the SBI chip and into the user 
microcomputer. Any data in the user microcomputer’s SPI 
data register will be transferred out and into the SBI chip. 


The CONTROL signal will go high at the midpoint of the 
eighth data bit. This will allow the user microcomputer to 
have enough time to review the just received SPI data and 
reload it, if further data is needed to be transmitted. How- 
ever, it must again pull the CONTROL pin low to signal he 
SBI chip that it should begin transmitting. As a slave to he 
SBI chip, the user microcomputer must be able to and le the 
incoming data on the SPI port without affecting its other soft- 
ware routine functions. 


Detecting IDLE via a User Microcomputer External Inter- 
rupt 


The user microprocessor’s external interrupt should be set to 
edge detect IDLE for falling transitions, i.e. EOM detection. If 
possible, detect CONTROL for rising transitions, for byte 
transmission/reception complete detection. 


Use of Internal User Microcomputer Flags and Interrupts 


The normally available SPI finished flag (SPIF) and optionally 
its associated interrupt may be used by the user microcomputer 
to know when a byte transmission/reception of is complete. 


The user microcomputer should be ready to handle the Write 
Collision, WCOL, error flag. The WCOL flag is set when a 
collision is detected in the SPI port. This will occur when the 
user microcomputer tries to load a byte into the SPI data 
register after the SBI chip has already begun to load data 
into the SPI port. 


Sending Messages to Other Microcomputers on the Bus 


In order to send a message to other microcomputers on the 
bus while in the SPI mode the user microcomputer should: 


1. Monitor the IDLE pin and determine if the bus is currently 
busy or if a transmission may be immediately started. 


2. Monitor CONTROL to determine if it is ok to load the byte 
to be transmitted into the user microcomputer’s SPI data 
register. 


3. Load the byte to be transmitted into the SPI data register. 


4. Pull the CONTROL pin low to signal the SBI chip to start 
a byte transmit cycle. 


5. Wait until the byte transmit cycle is completed as signaled 
by the SPI Finished, SPIF, flag/interrupt in the SPI port or 
by the CONTROL signal going high. 


6. Compare the received byte with the last transmitted byte. 


7. If the received byte equals the last transmitted byte, and 
more bytes remain to be transmitted, then continue the 
cycle with step #3. If there are more messages to trans- 
mit, then go to step #1. If there are no more bytes to be 
transmitted, then consider the message as having been 
transmitted, and generate an End Of Message (EOM) 
(i.e. delay for 10 contiguous bit times). Go to step #1. 


8. If the received byte does not equal the last transmitted 
byte and this is the first byte of a message, then treat the 
received byte as the first byte of a received message (i.e. 
the ID byte). Attempt to retransmit the previous message 
after the IDLE signal has gone low again. If this happens 
during the transmission of a later message byte, other 
than the ID byte, then consider it due to either an errone- 
ous data collision on the bus or due to noise collisions on 
the bus causing the message to have to be re-transmit- 
ted. Go to step #1. 


Framing Errors 


While in the SPI mode, the SBI chip is capable of detecting 
incoming framing errors. If one is detected, generation of the 
SCK pulses to the user microcomputer is terminated. The 
SBI chip essentially quits receiving data and starts looking 
for an End Of Message. Resetting of the SCK generator will 
occur upon receiving an EOM. Meanwhile, software must be 
prepared to resynchronize the micro’s SPI port; this can be 
done by disabling and then reinitializing it. 


Even though the SBI chip can detect framing errors, it can 
not flag the user microcomputer that one has occurred. 
Since the previously received byte has already been trans- 
ferred to the user microcomputer, the SBI chip will simply 
refuse to accept any further incoming data until an EOM 
occurs. Thus, one way that the user microcomputer may 
detect that the received data is valid, is via using a check 
sum byte imbedded within each message. Another way 
would be to compare the number of bytes received fora par- 
ticular ID to the number expected for that ID. 


Buffered SPI Mode, Hardware 


The MOSI and MISO pins on the user microcomputer should 
be connected to the XMIT and REC pins of the SBI chip 
respectively. The SCK pins on the user microcomputer and 
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the SBI chip should also be connected together, as shown in 
Figure 11. Synchronization of the data that is transferred 
between the user microcomputer and the SBI chip is done by 
the SCK signal which is provided by the user microcomputer. 


The Slave Select (SS) pin on the user microcomputer must 
be wired high or forced high whenever the SBI chip is 
selected. 


The user microcomputer should configure its SPI port for 
master mode operation, SCK low polarity, and data transfer 
on first edge (i.e. CPOL = 0, CPHA = 1 for 68HCO5 micro- 
computers). 


The SBI chip must be chip selected either by a user micro- 
computer output signal or by permanent wiring of its pins._To 
select the Buffered SPI mode, set the MODE pin and the CS 
pin to logic zero. This is required in order to transfer data 
between the SBI chip and the user microcomputer. However, 
in the Buffered SPI mode, since the MCU is operating as a 
master and controls the SPI port, chip selection is only 
required during when the SPI transfers are actually occurring. 


~ DIFFERENTIAL 
BUS 


MODE CS 


FIGURE 11. USING THE BUFFERED SPI MODE 


Buffered SPI Mode, Software 


The principle difference between the Buffered SPI mode and 
the normal SPI mode is the use of a 2 byte internal buffer. 
Also, the Buffered SPI mode allows the user microcomputer 
to operate in the master mode, instead of the slave mode, 
which allows high speed transferring of data between the 
SBI chip’s buffer and the user microcomputer. 


For typical operation, the user microcomputer loads the 
SBI’s 2 byte buffer, at a high speed, using its SPI interface. 
The 68HCO5’s SPI Finished flag (SPIF), and optionally its 
associated interrupt, may be used by the user microcom- 
puter to know when the transfer of a byte between the user 
microcomputer and the SBI chip is complete. Then it signals 
the SBI chip, by pulling its CONTROL line low, to transmit the 
data in the buffer onto the differential bus. 


The SBI chip, at a differential bus speed, then attempts to 
transmit the buffered data onto the bus. During this attempt, 
the SBI chip will receive two reflected bytes of data back 
from the bus, store them in the buffer and then disable the 
buffer from receiving further data from the differential bus 
until this received data is later unloaded by the user micro- 
computer at high SPI transfer speeds. The MCU should also, 
at this time, simultaneously load the next 2 bytes of data to 
be transmitted into the buffer. 


While it is transmitting and receiving the 2 bytes of data on 
the differential bus the SBI chip will not allow transfer of data 
to and from the user microcomputer. In fact, the SBI chip 
does not need to be chip selected during this time. 


The bus will override the user microcomputer if incoming 
data is received during the time when the user microcom- 
puter is performing a data transfer, after having unloaded the 
previous 2 bytes. The data from the differential bus will be 
loaded into the SBIC buffer, while the data from the user 
microcomputer will be lost. The data that the user microcom- 
puter will receive during this transfer, is undefined. The user 
microcomputer has no way of knowing its transfer has been 
aborted unless it either monitors the CONTROL signal for a 
rising transition or by detecting that CONTROL was not high 
at completion of the SPI transfer. 


Monitoring the Control Signal 


The user microcomputer should monitor the CONTROL sig- 
nal on the SBI chip, in order to determine whether it is 
actively transmitting or receiving data. The CONTROL signal 
is used to determine who has access to the 2 byte buffer. Dur- 
ing data reception or transmission to the differential bus by the 
SBIC its CONTROL pin is low signifying that the differential 
bus now has access to the SBIC and the MCU is locked out 
from accessing the SBIC. Then when 2 bytes of data have 
been received from the differential bus, the SBI chip will pull its 
CONTROL line high, signaling to the MCU that the MCU can 
now access the SBIC’s 2 byte buffer. The MCU may now read 
the 2 bytes received and simultaneously transmit two more 
bytes (if desired) by performing a 2 byte transfer (a swap of 
data), via the MCU SPI port, with the SBIC; then the MCU 
pulls the SBIC’s CONTROL pin low to transmit the two new 
bytes. The CONTROL pin will remain latched low (by the 
SBIC) until the two new bytes are transmitted. 


The user microcomputer should also monitor the IDLE signal 
in order to accurately know when the bus is idle or when bus 
arbitration is occurring, when a received message has finished, 
and when the next bytes to be received are the beginning bytes 
of a new message. Preferably, the user microcomputer’s exter- 
nal interrupt should be set up to edge detect falling IDLE and 
rising CONTROL transitions. 


When the CONTROL pin goes high, it signals that the buffer is 
full and that the user microcomputer currently has access. When 
the IDLE pin goes low, it is signaling that the current message 
has been completed, and an MCU may now arbitrate for the bus. 


Size of Messages that can be Transmitted or Received 


In the Buffered SPI mode, the user microcomputer can only 
send messages in 2 byte multiples. Transmitting messages 
with an odd number of bytes, to other microcomputers on the 
bus, is NOT supported by the SBI chip in Buffered SPI mode. 
However, reception of any number of bytes is supported. 


In the Buffered SPI mode, the user microcomputer can receive 
messages of any length. For odd length messages, the user 
microcomputer must know when the message is finished either 
from the message ID byte or via the IDLE signal. Since the SBI 
Chip will give no indication as to whether the buffer contains one 
or 2 bytes of information from the bus, the message length 
should be contained within the message data bytes. 
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When a single byte is received from the bus, followed by a 
bus idle condition, the SBI chip will, as it normally does when 
the buffer has received 2 bytes, set the CONTROL signal 
high. It will then relinquish control of the buffer for data trans- 
ferral via the user microcomputer, and restrict access to the 
buffer from incoming bus data until the 2 byte data transfer 
has been completed. 


If only 1 byte is received from the bus, the user microcom- 
puter will receive it first when performing the 2 byte data 
transfer. The second byte received by the user microcom- 
puter, during this transfer, is undefined. A 2 byte transfer is 
still required in order to return control of the buffer back to 
the SBI chip, to gather further incoming data from the bus. 


Power On/Reset 


The SBI chip is reset internally, at power on. After reset, the 
CONTROL pin is set high and IDLE is set low. The buffer 
access is set as though 2 bytes have just been received from 
the bus. A 2 byte transfer must be performed, via the user 
microcomputer, in order to initalize the SBI chip for general 
operation. 


Sending Messages to Other Microcomputers on the Bus 


In order to send a message to other microcomputers on the 
bus, while in the Buffered SPI mode, the user microcomputer 
should: 


1. Monitor the SBIC CONTROL pin to know when it is ok to 
perform the 2 byte transfer between the user microcom- 
puter and the SBI chip. 


2. Perform the 2 byte transfer between the user microcom- 
puter and the SBI chip for the first 2 bytes of the message. 


3. Pull CONTROL low to tell the SBI chip to start a 2 byte bus 
transmit cycle. 


4. Wait until CONTROL goes high again indicating that the 2 
byte transmit cycle has completed. 


5. Perform another 2 byte transfer between the user micro- 
computer and the SBI chip, thus giving it the next 2 bytes 
to be transmitted and giving the user microcomputer the 
2 bytes just received. 


6. Compare the just received 2 bytes with the 2 bytes which 
were attempted to be transmitted. 


7. If the received and last transmitted bytes are equal and 
more bytes remain to be sent, then continue the cycle 
with step #3. 

8. If the received and last transmitted 2 bytes are unequal, 
then restart with step #2. 


Creating an EOM after a Message Transmission 


There must be at least a 10-bit interval of bus idle between 
the stop bit of the last byte of one message and the detection 
of the start bit of the first byte of the next message. This can 
be implemented by either: 


1. Including a 10-bit interval time out, via using a timer or 
software loop. 


2. The user microprocessor can simply wait until it senses 
IDLE going low. 


Receiving Messages from Other Microcomputers on the 
Bus 


If the user microcomputer loses arbitration, or if it has no 
message to transmit and another microcomputer begins to 
send its message onto the bus, the SBI chip will begin to 
receive a message from the bus. 


The SBIC CONTROL pin will go low at the beginning of the 
first data bit that is received from the bus. It will go high 
either whenever 2 bytes have been received, or when 1 byte 
has been received followed by the bus going idle (i.e. when 
IDLE goes low). 


The transition of CONTROL from low to high indicates that 
the SBI chip has 2 bytes in its internal buffer for the user 
microcomputer to retrieve. Whether the SBI chip has 
received either 1 or 2 bytes, the user microcomputer must 
perform a 2 byte transfer in order to return control of the 
buffer back to the SBI chip. 


The user microcomputer must detect CONTROL going high 
and transfer the 16-bits from the SBI chip before the begin- 
ning of the first data bit of the next message or else the bus 
will be locked out of accessing the buffer until after both the 
next 16-bit transfer is complete and IDLE goes low. Thus, if 
there was further incoming data and this did occur, some of 
the incoming data may be lost. 


Framing Errors 


While in the Buffered SPI mode, the SBI chip is capable of 
detecting incoming framing errors, however it is unable to 
flag this to the user microcomputer. When the SBI chip 
detectsaframing error, anyfu rther loading of the SBI chip’s 
internal buffer is terminated. The SBI chip essentially quits 
receiving data and starts looking for an End Of Message. 
Resetting of the framing error will occur upon receiving an 
EOM. 


Even though the SBI chip can detect framing errors, it can 
not flag the user microcomputer that one has occurred. 
Since the previously received byte has already been loaded 
into the SBI chip’s buffer, the user microcomputer must 
determine whether this data is valid. If a framing error occurs 
during the first byte of a 2 byte reception, access to the 
buffer will be restricted from the user microcomputer until 
and EOM occurs. If a framing error occurs during the second 
byte of a 2 byte reception, the user microcomputer will be 
given access to the buffer. However, even if the user micro- 
computer unloads the buffer, the SBI chip will not load any 
further data into the buffer until an EOM occurs. Basically, 
when a framing error occurs, no further data is read from the 
bus and buffer access is given to the user microcomputer 
either immediately or upon an EOM. 


One way that the user microcomputer may detect that the 
received data is valid, is by using a check sum byte imbed- 
ded within each message. Another way would be to compare 
the number of bytes received for a particular ID to the num- 
ber expected for that ID. 
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Features 


e Fully Supports VPW (Variable Pulse Width) Messaging 
Practices of SAE Recommended Practice J1850 for Class B 
Multiplexed Wiring 


3-Wire, High-Speed, Synchronous, Serial Interface 

Reduces Wiring Overhead 

Directly Interfaces with 68HC05 and 68HC11 Style SPI Ports 
1MHz, 8-Bit Transfers Between Host and HIP7010 Minimize 
Host Service Requirements 

Automatically Transmits Property Framed Messages 
Prepends SOF to First Byte and Appends CRC to Last Byte 
Fail-Safe Design Including, Slow Clock Detection Circuitry, 
Prevents J1850 Bus Lockup Due to System Errors or Loss of 
Input Clock 

Automatic Collision Detection 

End of Data (EOD), Break, Idle Bus, and Invalid Symbol 
(Noise/llegal Symbols) Detection 

Supports In-Frame Responses with Generation of Normaliza- 
tion Bits (NB) for Type 1, Type 2, and Type 3 Messages 
Wait-For-Next-Idie Mode Reduces Host Overhead During 
Non-Applicable Messages 

Status Register Flags Provide Information on Current Status 
of J1850 Bus 

Serial I/O Pins are Active Only During Transfers - Bus 
Available for Other Devices 95% of the Time 

High Speed (4X) Receive Mode for Production and 
Diagnostic Testing/Programming 

TEST Pin Provides Built-in-Test Capabilities for In-System 
Diagnostics and Factory Testing 

Operates with Wide Range of Input Clock Frequencies 
Power-Saving Power-Down Mode 

Full -40°C to +125°C Operating Range 

Single 3.0V to 6.0V Supply 


Pinout 


Description 


The Harris HIP7010, J1850 Byte Level Interface Circuit, is a 
member of the Harris family of low-cost multiplexed wiring ICs. 
The integrated functions of the HIP7010 provide the system 
designer with components key to building a “Class B” multi- 
plexed communications network interface, which fully conforms 
to the VPW Multiplexed Wiring protocol specified in SAE Rec- 
ommended Practice J1850. The HIP7010 is designed to inter- 
face with a wide variety of Host microcontrollers via a standard 
three wire, high-speed (1MHz), synchronous, serial interface. 
The HIP7010 automatically produces properly framed VPW 
messages, appending the Start of Frame (SOF) symbol and 
calculating and appending the CRC check byte. All circuitry 
needed to decode incoming messages, to validate CRC bytes, 
and to detect Breaks, End of Data (EOD), Idle bus, and illegal 
symbols is included. In-Frame Responses (IFRs) are fully sup- 
ported for Type 1, Type 2, and Type 3 messages, with the 
appropriate Normalization Bit automatically generated. The 
HCMOS design allows proper operation at various input fre- 
quencies from 2MHz to 12MHz. Connection to the J1850 Bus 
is via a Harris HIP7020. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
HIP7010P -40°C +125°C 14 Lead Plastic DIP 
HIP7010B -40°C +125°C 14 Lead Plastic SOIC (N) 


HIP7010 (SOIC, PDIP) 
TOP VIEW 


SACTIVE 


MULTIPLEX 
COMM. CIRCUITS 


File Number 3644.1 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications HIP7010 


Absolute Maximum Ratings Thermal Information 
Supply Vollage (Vin) «cisecccscavenewcusawns vs -0.3V to+7.0V Thermal Resistance Oya 
Input or Output Voltage Plastic DIP Package .....ssccseenvsnencnnesees +100°C/W 
Pins with Vpp Diode ...............0000 -0.3V to Vpp +0.3V SOG PAs veh tieos de eavdcawen ceux anaes +120°C/W 
Pins without Vpp Diode. ................0 06. -0.3V to+10.0V Maximum Package Power Dissipation at +125°C 
ESD) GISSGSIICAION «¢ cies este eee ested eeenereenenaes Class 2 CIP PAS one icw sn ersned cues ates teas nendnduce 250mW 
OG GOR on0x ese edmond e des tetas anaeneteus +2500 Gates Bs PRCHOUs acass ene edes batenes seen nersineeen 200mW 
Operating Temperature Range (alscotcesacuese -40°C to +125°C 
Storage Temperature Range (Tsjq)............ -65°C to +150°C 
JUNCTION TAINDONEUME ¢ «cas ccas sees cieaueedssasenens +150°C 
Lead Temperature (Soldering 10s) ................2005 +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................206. +3.0V to+5.5V Input High Voltage............. 0. cece eee ee eee (0.8Vpp) to Vop 

Operating Temperature Range................ -40°C to +125°C _—— Input Rise and Fall Time 

input Low VoRadG. .ssicsasacensvaiseauneeteeces OV to +0.8V CMOS INDUS cs tous vas ceeesesetaanseenese ess 100ns Max 
CMOS Schmitt InputS ......02cesccrecncunseancwas Unlimited 


Electrical Specifications Ty, =-40°C to +125°C, Vpp = 5Vpc 10%, Unless Otherwise Specified 


rananerens____[ svwsor [_conprrions [win [ 1 [ wax | unr 


Supply Current 
CLK = 2.0 MHz mA 


To [Poet] ip so | | 
ier | X= Vosorven | | 80 | - | a 


Operating Current 


Power-Down Mode (Note 1) 
Clock Stopped (Note 2) 
Input High Voltage 
CMOS Level (SIN, STAT, RDY, TEST) 
Schmitt Trigger (RESET, CLK, VPWIN) 


Input Low Voltage 
CMOS Level (SIN, STAT, RDY, TEST) 
Schmitt Trigger (RESET, CLK, VPWIN) 


High Level Input Current 
(CLK, VPWIN, RESET) 
Input Buffer with Pull-down (SIN, TEST, STAT, RDY) 


Low Level Input Current 
a a I PS OP 
Output High Voltage 
Pescsomvmon Tere | va |raoroam [wece| - | - |v 
Output Low Voltage 
Mccann wasn | wm [reese | - | - | oe |v 
High Impedance Leakage Current 
Three-State with Pull-down (SCK, SOUT) ps funte fe ff oe | 


La ce 


Schmitt Trigger Hysteresis Voltage 
(RESET, CLK, VPWIN) 


NOTES: 
1. SIN, STAT, RDY, and TEST = Vgg; VPWIN = Vpp; CLK = 10MHz 
2. SIN, STAT, RDY, and TEST = Vgg; SACTIVE and VPWIN = Vpp 
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Specifications HIP701 0 


Serial Interface Timing (See Figure 1- Figure 7) Ty = -40°C to +125°C, Vpp = 5Vpc +10%, Unless Otherwise Specified 
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FIGURE 1. SERIAL INTERFACE TIMING DIAGRAM 


NOTES: 
1. Measurement points are from Vpp/2, except 12 and 13 which are measured between V,, and Viy. 
2. All timings assume proper CLK frequency and Divide Select values to generate 1MHz SCK. 


Functional Pin Description 


This section provides a description of each of the 14 pins of . CLK (Clock - Input) 


the HIP7010 as shown in Figure 2. The Clock input (CLK) provides the basic time base reference for 
pane all J1850 symbol detection and generation. Serial Bus transfers 
IDLE L1 between the HIP7010 and the Host microcontroller are also 
VPWIN [ 2. timed based on the Clock input. Proper VPW symbol detection 
vewout [a and generation requires a 2MHz clock which is internally derived 
from the CLK input. Various CLK input frequencies can be 
Vp L4, accommodated via the Divide Select bits in the Status/Control 
RESET [5 Register (see Status/Control Register for details). 


MULTIPLEX 
COMM. CIRCUITS 


TEST [6 An internal Slow Clock Detect circuit monitors the CLK input 
signal and generates a HIP7010 reset if the clock is inactive 
for more than 2us. This is a safety mechanism to prevent 
blocking the J1850 and Serial busses in the event of a clock 
FIGURE 2. 14 PIN DIP AND SO TERMINAL ASSIGNMENTS failure. The Slow Clock Detect reset can also be intentionally 
invoked by externally inhibiting CLK input transitions. 


SACTIVE 


Vop and Vsg (Power) 
Power can be reduced under Host control via the Power- 
Down bit in the Status/Control Register (see Status/Control 
Register for details). Setting the Power-Down bit effectively 
stops internal clocking of the HIP7010. 


Power is supplied to the HIP7010 using these two pins. Vpp 
is connected to the positive supply and Vsg is connected to 
the negative supply. 


HIP7010 


For enhanced noise immunity, the CLK input is a CMOS Schmitt 
trigger input. See Electrical Specifications for input levels. 


VPWOUT (Variable Pulse Width Out - Output), 
VPWIN (Variable Pulse Width In - Input) 


These two lines are used to interface to a J1850 bus trans- 
ceiver, such as the Harris HIP7020. VPWOUT is the variable 
pulse width modulated output of the HIP7010’s symbol 
encoder circuit. VPWIN is the inverted input to the symbol 
decoder of the HIP7010. VPWIN is a schmitt input. 


SIN (Serial In - Input), 

SOUT (Serial Out - Output), 

SCK (Serial Clock - Output), 
SACTIVE (Serial Bus Active - Output) 


These four lines constitute the synchronous Serial Interface 
(SERIAL) interface of the HIP7010. See the Serial Interface 
(SERIAL) System for details. SIN, SOUT, and SCK provide 
the three principal connections to the Host controller. SIN is a 
CMOS input. SOUT and SCK are three-state outputs which 
are only activated during serial transfers. The SIN, SOUT, and 
SCK pins contain integrated pull-down load devices which 
provide termination on the bus whenever it is in a high imped- 
ance state. The SACTIVE pin is a CMOS output, which pulls 
low when the HIP7010 is communicating on the serial bus. 
See Serial Interface (SERIAL) System and Applications 
Information for more details. 


RDY (Byte Ready - Input) 


The Byte Ready (RDY) line is a “handshaking” input from the 
Host. Each rising edge on the RDY pin signifies that the Host has 
loaded a byte into its SERIAL transmit register and the HIP7010 
can retrieve it (by generating clocks on SCK) when the HIP7010 
is ready for the data. See Serial Interface (SERIAL) System 
and Applications Information for more details. 


The RDY pin contains an integrated pull-down load device 
which will hold the pin low if it is left unconnected. 


IDLE (Idle/Service Request - Output) 


The IDLE output pin indicates that the J1850 Bus has been 
in a passive state for at least 300us and is now idle. If the 
bus has been passive for a minimum of 239y1s and another 
node initiates a new message, IDLE will pulse low for 1s. 


In its role as a Service Request pin, a reset forces IDLE 
high. Following the reset, IDLE remains high for 17 CLK 
cycles and is then driven low. IDLE will remain low until 40 
CLK cycles +1.5us after completion of the first Status/Con- 
trol byte transfer. The IDLE pin will then resume its normal 
role, remaining high until a 300ps lull (or 239s plus a pas- 
sive to active transition) has been detected on the J1850 
bus. This provides a handshake mechanism to ensure the 
Host will reinitialize the HIP7010 each time the HIP7010 is 
reset via POR, RESET, or Slow Clock Detect. 


If IDLE is low when an echo failure causes the ERR bit to be 
set in the Status byte, the IDLE pin will pulse high for 2us 
and then return low (see Status/Control Register). 


If IDLE is low when the host sets the NXT bit in the control 
byte, the IDLE pin will pulse high for 2s and then return low 
(see Status/Control Register). 


In general a Status/Control byte transfer should be performed 
each time IDLE goes low. See Effects of Resets and Power- 
Down and Applications Information for more details. 


The IDLE pin is an active low CMOS output. See Operation 
of the HIP7010 for more details. 


STAT (Request Status/Control - Input) 


The Request Status/Control (STAT) input pin is used by the 
Host microcontroller to initiate an exchange of the Host’s con- 
trol byte and the HIP7010’s status byte. A low to high transi- 
tion on the STAT input signals the HIP7010 that the Host has 
placed a control word in it’s SERIAL output register and is 
ready to exchange it with the HIP7010’s status word. The 
HIP7010 controls the exchange by generating the 8 SCKs 
required. See Serial Interface (SERIAL) System and Appli- 
cations Information for more details. 


The STAT pin contains an integrated pull-down load device 
which will hold the pin low if it is left unconnected. 


RESET (Reset - Input) 


The RESET input is a low level active input, which resets the 
HIP7010. Resetting the HIP7010 forces SACTIVE high, dis- 
ables the SOUT and SCK pins, forces the VPWOUT output 
low, drives IDLE high, and returns the internal state machine 
to its initial state. Following reset, the HIP7010 is inhibited 
from transmitting or receiving J1850 messages until a Sta- 
tus/Control Register transfer has been completed (see 
Effects Of Resets And Power-Down for more details). 


The HIP7010 is also reset during initial power-on, by an 
internal power-on-reset (POR) circuit. 


Loss of a clock on the CLK input will cause a reset as 
described previously under CLK. 


If not used, the RESET pin should be tied to Vpp. 


For enhanced noise immunity, the CLK input is a CMOS Schmitt 
trigger input. See Electrical Specifications for input levels. 


TEST (Test Mode - Input) 


The TEST input provides a convenient method to test the 
HIP7010 at the component level. Raising the TEST pin to a 
high level causes the HIP7010 to enter a special TEST mode. 
In the TEST mode, a special portion of the state machine is 
activated which provides access to the Built-in-Test and diag- 
nostic capabilities of the HIP7010 (see Test Mode for more 
details). 


The TEST pin contains an integrated pull-down load device 
which will hold the pin low if it is left unconnected. In many 
applications the TEST pin will be left unconnected, to allow 
access via a board level ATE tester. 


J1850 VPW Messaging 


This section provides an introduction to J1850 multiplexed 
communications. It is assumed that the user is or will 
become familiar with the appropriate documents published 
by the Society of Automotive Engineering (SAE). The follow- 
ing discussion is not comprehensive. 
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Overview 


The SAE Recommended Practice J1850 (Note 1) (J1850) 
establishes the requirements for communications on a Class 
B multiplexed wiring network for automotive applications. 
The J1850 document details the requirements in a three 
layer description which separately specifies the characteris- 
tics of the physical layer, the data link layer, and the applica- 
tion layer. There are several options within each layer which 
allows vehicle manufacturers to customize the network while 
still maintaining a level of universality. 


NOTE: 

1. SAE Recommended Practice J1850, Class B Data Communi- 
cation Network Interface, September 1, 1993, Society of Auto- 
motive Engineers Inc. 

The hardware of the Harris HIP7010 provides features which 
facilitate implementation of the 10.4Kbps Variable Pulse 
Width Modulated (VPW) physical layer option of J1850. In 
combination with a bus transceiver, such as the Harris J1850 
Bus Transceiver HIP7020, and appropriate software algo- 
rithms the HIP7010 circuitry enables the designer to com- 
pletely implement a 10.4Kbps VPW Class B 
Communications Network Interface per J1850. Features of 
such an implementation include: 


Single Wire 10.4Kbps Communications 

Bit-by-Bit Bus Arbitration 

Industry Standard Protocol 

Message Acknowledgment (“In-Frame Response”) Capa- 
bilities 

Exceptionally Tolerant of Clock Skew, System Noise, and 
Ground Offsets 

Meets CARB and EPA Diagnostic Requirements 
Supports up to 32 Nodes 

Low Error Rates 

Excellent EMC Levels (when interfaced via Harris J1850 
Bus Transceiver HIP7020) 


In addition to the standard J1850 features, the HIP7010 hard- 
ware provides a high speed mode, (intended for receive only 
use) which can significantly enhance vehicle maintenance 
capabilities. The high speed mode provides a 41.6Kbps com- 
munications path to any node built with the HIP7010. 


Anatomy of a J1850 VPW Message 


All messages in a J1850 VPW system are sent along a single 
wire, shared bus. At any given moment the bus can be in 
either of two states: active (high) or passive (low). Multiple 


| SOF | HEADER DATA 1 


nodes are connected to the bus as a “wired-OR” network in 
which the bus is high if any one (or more) node is generating 
an active output. The bus is only low when no nodes are gen- 
erating active outputs. It follows that, when no communica- 
tions are taking place the bus will rest in the passive state. A 
message begins when the bus is first driven to the high state. 
Each succeeding state transition (i.e. - a change from active to 
passive or passive to active) transfers one bit of information 
(symbol) until the message is complete and the bus once 
again rests at the passive state. The interpretation of each 
symbol in the message is dependent on its duration (and 
state), hence the descriptor Variable Pulse Width (VPW). 


Each message has a beginning and an end, the span of 
which encompasses the entire message or frame (refer to 
Figure 3). A frame consists of an active start of frame (SOF) 
symbol and a passive end of frame (EOF) symbol sandwiched 
around a series of byte sized (8-bit) groups of symbols. The 
first byte of the frame contents is always a header byte, fol- 
lowed by possibly additional header bytes, followed by one or 
more data bytes, followed by an integrity check byte (CRC 
byte), followed by a passive end of data (EOD) symbol, fol- 
lowed by possibly one or more in-frame-response (IFR) bytes. 
To keep waiting times low, messages are limited to 12 bytes 
total (including header, data, check, and IFR bytes). All mes- 
sage bytes are transmitted most significant bit (MSB) first. 


VPW Symbol Definitions 


Within the J1850 scheme, symbols are defined in terms of both 
duration and state (passive or active). The duration is mea- 
sured as the time between successive transitions. There is one 
transition per symbol and one symbol per transition. The end of 
one symbol marks the beginning of the next. Since the bus is 
passive when a message begins and must return to that same 
state when the message completes, all frames have an even 
number of transitions and hence an even number of symbols. 


There are unique definitions for data bit symbols (all the sym- 
bols which occur within the header, data, and check bytes) and 
protocol symbols (including SOF, EOD, and EOF). The duration 
of each symbol is expressed in terms of VPW Timing Pulses 
(TV values). Table 1 summarizes the TV definitions. Each TV is 
specified in terms of a nominal (or ideal) duration and a mini- 
mum and maximum duration. The span between the minimum 
and maximum limits accommodates system noise sources 
such as node to node clock skew, ground offsets, clock jitter, 
and electromechanical noise. There are no dead zones 
between the maximum of one TV and the minimum of the next. 


DATA 2 CRC EOD | 


EOF 


FIGURE 3. TYPICAL J1850 VPW MESSAGE FRAME 
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The terms short and long are often used to refer to pulses of 
duration TV1 and TV2 respectively. 


TABLE 1. J1850 TV DEFINITIONS 


VPW is a non-return-to-zero (NRZ) protocol in which each 
transition represents a complete bit of information. Accord- 
ingly, a O data bit will sometimes be transmitted as a passive 
pulse and sometimes as an active pulse. Similarly, a 7 data 
bit will sometimes be transmitted as a passive pulse and 
sometimes as an active pulse. In order to accommodate 
arbitration (see Bus Arbitration) a /ong active pulse repre- 
sents a O data bit and a short active pulse represents a 1 
data bit. Complementing this fact, a short passive pulse rep- 
resents a 0 and a Jong passive pulse represents a 1. Starting 
from a transition to the active state, a O data bit will maintain 
the active level longer than a 1. Similarly, starting from a 
transition to the passive state, a O data bit will return to the 
active level quicker than a 1. These facts give rise to the 
dominance of 0’s over 1’s on the J1850 bus as depicted in 
Figure 4. See Bus Arbitration for additional details. 


SYNCHRONIZED 


0 DATA BIT 0 
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1 DATA BIT 
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J1850 BUS ate Le 


FIGURE 4A. DOMINANCE OF ACTIVE 0 DATA BIT 


LONGER ACTIVE 
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0 DATA BIT = 
0 
1 DATA BIT = 
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FIGURE 4B. DOMINANCE OF PASSIVE 0 DATA BIT 
FIGURE 4. 


Table 2 summarizes the complete set of symbol definitions 
based on duration and state. 


TABLE 2. J1850 SYMBOL DEFINITIONS 


SYMBOL DEFINITION 


ActiveTV1 or Active TV2 


In Frame Response (IFR) 


The distinction between two of the passive symbols, EOD and 
EOF, is subtle but important (refer to Figure 5). The EOD (TV3) 
interval signifies that the originator of the message is done 
broadcasting and any nodes which have been requested to 
respond (i.e. - to acknowledge receipt of the message) can now 
do so. The EOD interval begins when the transmitting node has 
completed sending the eighth bit of the check byte. The trans- 
mitter simply releases the bus and allows it to revert to a pas- 
sive state. In the course of normal messaging, no node can 
seize the bus until an EOD time has been detected. Once an 
EOD has elapsed, any nodes which are scheduled to produce 
an IFR will arbitrate for control of the bus (see Bus Arbitration) 
and respond appropriately. If no responses are forthcoming the 
bus remains in the passive state until an EOF (TV4) interval 
has elapsed. After the EOF has been generated, the frame is 
considered closed and the next communications on the bus will 
represent a totally new message. 


IFRs can consist of multiple bytes from a single respondent, 
one byte from a single respondent, or one byte from multiple 
respondents. In all cases the first response byte must be pre- 
ceded by a normalization bit (NB) which serves as a start of 
response symbol and places the bus in an active state so that 
following the IFR byte(s) the bus will be left in the passive state. 


The NB symbol is by definition active, but can be either TV1 
or TV2 in duration. The long variety (TV2) signifies the IFR 
contains a CRC byte. The short variety (TV1) precedes an 
IFR without CRC. 


Message Types 


Messages are classified into one of four Types according to 
whether the message has an IFR and what kind of IFR it is. 
The definitions are: 


¢ Type 0-NoIFR 


¢ Type 1 - One byte IFR from a single respondent 
(no CRC byte) 


¢ Type 2 - One byte IFRs from multiple respondents 
(no CRC byte) 


* Type 3 - Multiple byte IFR from a single respondent 
(CRC appended) 
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Bus Arbitration 


The nature of multiplexed communications leads to contention 
issues when two or more nodes attempt to transmit on the bus 
simultaneously. Within J1850 VPW systems, messages are 
assigned varying levels of priority which allows implementa- 
tion of an arbitration scheme to resolve potential contentions. 
The specified arbitration is performed on a symbol by symbol 
basis throughout the duration of every message. 


Arbitration begins with the rising edge of the SOF pulse. No 
node should attempt to issue an SOF until an Idle bus has 
been detected (i.e. - an Inter-Frame Separation (IFS) symbol 
with a period of TV6 has been received). If multiple nodes are 
ready to access the bus and are all waiting for an IFS to 
elapse, invariable skews in timing components will cause one 
arbitrary node to detect the Idle condition before all others and 
start transmission first. For this reason, all nodes waiting for 
an IFS will consider an IFS to have occurred if either: 


1. An IFS nominal period has elapsed 
or 


2. An EOF minimum period has elapsed anda rising edge 
has been detected 


Arbitrating devices will all be synchronized during the SOF. 
Beginning with the first data bit and continuing to the EOF, 
every transmitting device is responsible for verifying that the 
symbol it sent was the symbol which appeared on the bus. 
Each transition, every transmitting node must decode the 
symbol, verify the received symbol matches the one sent, and 
begin timing of the next symbol. Since timing of the next sym- 
bol begins with the last transition detected on the bus, all 
transmitters are re-synchronized each symbol. When the 
received symbol doesn’t match the symbol sent, a conflict (bit 
collision) occurs. Any device detecting a collision will assume 
it has lost arbitration and immediately relinquish the bus. Typi- 
cally, after losing arbitration, a device will attempt retransmis- 
sion of the message when the bus once again becomes idle. 


The definition of 1 and O data bits (see Table 2 and discussion 
under VPW Symbol Definitions) leads to 0’s having priority 
over 1’s in this arbitration scheme. Header bytes are generally 
assigned such that arbitration is completed before the first 
data byte is transmitted. Because of the dominance of 0 bits 
and the MSB first bit order, a header with the hexadecimal 
value $00 will have highest priority, then $01, $02, $03, etc. 
An example of two nodes arbitrating for control of the bus is 
shown in Figure 6. 


Arbitration also takes place during the IFR portion of a mes- 
sage, if more than one node is attempting to generate a 
response. Arbitration begins with the NB symbol, which fol- 
lows the EOD and precedes the first IFR byte. 


For Type 1 and Type 3 messages only, the respondent which 
successfully arbitrates for control of the bus produces an IFR. 
All other respondents abort their IFRs. 


For Type 2 messages, all respondents which lose arbitration 
must count symbols and re-attempt transmission at the end of 
each byte. Each node, which successfully responds, elimi- 
nates itself from the subsequent arbitration until all nodes 
have responded. This arbitration scheme limits each respon- 
dent to a single byte during a Type 2 IFR. 


Break 


To force a message to be aborted before EOF is reached, a 
break (BRK) symbol can be transmitted by any node. The 
BRK symbol is an active pulse of duration TV5. Reception of a 
break causes all nodes to reset to a ready-to-receive state 
and to re-arbitrate for control following an IFS. 


HIP7010 Architectural Overview 


The HIP7010 consists of three major functional blocks: the 
Serial Interface System (SERIAL) block; the State Machine 
(STATE) block; and the Symbol Encoder/Decoder (SENDEC) 
block. Transfers between the Host and the HIP7010 are con- 
trolled by the SERIAL block, while transfers between the 
J1850 bus and the HIP7010 are handled by the SENDEC 
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FIGURE 5. J1850 MESSAGE WITH IN-FRAME-RESPONSE 
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block. The STATE block controls the flow of all data between 
the SERIAL and SENDEC blocks. The STATE block also con- 
trols Host/HIP7010 handshaking, automatic J1850 bus arbi- 
tration, break recognition, CRC checking, and many other 
features. In addition to the three major blocks the HIP7010 
includes CRC generator/checker hardware, a Status/Control 
Register, and a Timing generator. 


Timing Generator 


The timing generator, as its name suggests, generates all 
internal timing pulses required for the SERIAL, SENDEC, 
STATE, and CRC circuits. The CLK input pin is appropriately 
divided to produce an internal 2MHz clock which results in a 
1MHz SERIAL transfer rate and VPW J1850 symbol timing 
with 1ps accuracy. The CLK pin of the HIP7010 can be driven 
with a variety of common microcontroller frequencies. Fre- 
quency selection is accomplished via three bits in the Status/ 
Control register. See Status/Control Register for more 
details. 


The Serial Interface (SERIAL) System 


Overview 


The SERIAL system handles all interface between the Host 
microcontroller and the HIP7010. The SERIAL system is 
designed to interface directly with the Serial Peripheral Inter- 
face (SPI) systems of the Harris CDP68HC05 family of micro- 
controllers. Identical interfaces are found on the 68HC11 and 
HC16 families. Compatible systems are found on most popu- 
lar microcontrollers. 


Serial data words are simultaneously transmitted and 
received over the SOUT/SIN lines, synchronized to the SCK 
clock stream. The word size is fixed at 8-bits. A series of 
eight clocks is required to transfer one word. With the excep- 
tion of Status/Control Register transfers (described later), all 
SERIAL transfers use a single eight bit shift register within 
the HIP7010. The serial bits are “shifted out” on the SOUT 
pin, most significant bit (MSB) first, from the shift register. As 
each bit shifts out one end of the shift register, the data on 
the SIN input pin is, usually, shifted into the other end of the 
same shift register. After eight clocks, the original contents of 
the shift register have been entirely transmitted on the SOUT 
pin and replaced by the byte received on the SIN pin. 


Most Host micros which include a synchronous serial inter- 
face, operate their interface in a manner compatible with the 
HIP7010s implementation. The result of each 8-bit SERIAL 
transfer is that the contents of the HIP7010s shift register 
and the Host’s shift register have effectively been “swapped”. 


SERIAL Bus Timing 


The SCK output of the HIP7010 is used to synchronize the 
movement of data both into and out of the device on its SIN 
and SOUT lines. As stated above, the Host and the HIP7010 
are capable of exchanging a byte of information during a 
sequence of eight clocks generated on the SCK pin. The 
relationship between the clock signal on SCK and the data 
on SIN and SOUT is shown in Figure 7. 


Approximately 750ns prior to each series of eight clocks, the 
SACTIVE output of the HIP7010 is driven low. SACTIVE 
remains low until a minimum of 1200ns after the last clock 
transition. When interfacing to a CDP68HC05 SPI compatible 
Host, the SACTIVE output would normally be connected to 
the SS input of the Host. The trailing edge of the SACTIVE 
signal can also be used as a flag to Hosts which don’t auto- 
matically recognize the transfer of a serial byte. 


The quiescent state of SCK is low. Once a transfer is initiated, the 
rising edge of each SCK pulse places the next bit on the SOUT 
line and the falling edge is used to latch the bit input on SIN. 


The Host must adhere to this same timing, by meeting the input 
setup time requirements of SIN valid before the trailing edge of 
SCK (see Electrical Specification for details) and latching 
the SOUT data on the same edge. When interfacing the 
HIP7010 to a CDP68HC05 SPI compatible Host, the SPI inter- 
face should be programmed with CPHA = 1 and CPOL = 0. 


At all times, other than during an actual SERIAL transfer 
between the HIP7010 and its Host, the SCK and SOUT pins 
are held in a high impedance state. This allows other devices 
connected to the Host via the SERIAL bus to be accessed 
when the HIP7010 is not transferring data. Utilization of the 
SERIAL bus by the HIP7010 is less than 5%, leaving signifi- 
cant bandwidth for other transfers. When held in the high 
impedance state, a pair of integrated pull-down devices on the 
SCK and SOUT pull the pins to ground, if they are not driven 
by another source. See Applications Information for a 
detailed discussion of SERIAL bus utilization. 


SCK 


SOUT 


SIN 


MSB 6 5 


SCK NORMALLY LOW PLILI LILI LI LILI] 


C2) £2 €2 £2 Es Ee ED Ce 
Cc) £2 G2 €s EP Ee te Ce 


3 3 2 1 LSB 


eee ee ee ee ee ee a 


INTERNAL STROBE FOR LATCHING DATA IN HIP7010 
FIGURE 7. SERIAL BUS TIMING 


HIP7010 


SERIAL Bus Transfers 


The HIP7010 is always configured as a SERIAL “master”. As 
a master, the HIP7010 generates the transfer-synchronizing 
clock on the SCK pin, transmits data on the SOUT pin, and 
receives data on the SIN pin. 


Whenever the HIP7010 receives a complete byte from the 
J1850 bus via the VPWIN line, it automatically initiates an 
unsolicited SERIAL transfer. The unsolicited transfer trans- 
mits the received (or reflected) byte to the Host and, if in the 
midst of transmitting a message, retrieves the next byte from 
the Host. While these unsolicited transfers are, strictly 
speaking, asynchronous to the Host’s activities, there are 
well defined rules which govern the minimum time between 
unsolicited transfers (i.e. - no two unsolicited transfers can 
occur in less time than it takes to transfer one J1850 byte (8 
x 64 = 512us). See Applications Information for more 
details. 


In addition to the unsolicited transfers which are based on 
receipt of incoming J1850 messages, the Host can initiate 
certain transfers in a more synchronous fashion. Handshak- 
ing between the Host and the HIP7010 is provided by the 
Byte Ready (RDY) and Request Status (STAT) pins. These 
two pins are driven by the Host and trigger the HIP7010 to 
initiate one of the two, unique, solicited SERIAL transfers. 


The Byte Ready (RDY) line is the first of two handshaking 
inputs from the Host. Each rising edge on the RDY pin signi- 
fies that the Host has loaded a byte into its serial transmit 
register and the HIP7010 can retrieve it. If the J1850 bus is 
available (i.e. - IFS has elapsed) the rising edge of RDY is 
interpreted as signalling the first byte of a new message. The 
HIP7010 immediately performs a solicited SERIAL transfer 
to load the first byte. Prior to performing the transfer, the 
HIP7010 drives the J1850 bus high to initiate an SOF sym- 
bol. The SOF is then followed by the eight symbols which 
represent the transferred byte. If a J1850 message is 
already in progress, the rising edge of RDY is interpreted as 
signalling that the next byte of the message or of an IFR is 
ready to be transferred from the Host. The HIP7010 will ini- 
tiate the transfer, as an unsolicited transfer, when conditions 
on the J1850 bus warrant the transfer (i.e. - when the previ- 
ously retrieved byte has been completely transmitted on the 
J1850 bus or after EOD for an IFR). 


While the rising edge of RDY is used to notify the HIP7010 
that the Host is ready to supply the next byte, the level of 
RDY following the actual serial transfer provides additional 
information. Figure 1 depicts the use of RDY. By driving the 
RDY line high and returning it low before the transfer has 
been completed, the HIP7010 will detect a low. This is 
referred to as a short RADY. If the RDY line is brought high 
and held high until the transfer is complete, a high level is 
detected by the HIP7010. This is referred to as a long RADY. 


A short RDY signals a normal transfer, but a long RDY has 
special significance. A long RDY indicates that the byte cur- 
rently sitting within the Host is the last byte of a message or of 
an IFR. When transmitting the body of a message or a Type 3 
IFR the HIP7010 will automatically append the CRC after the 
byte for which the long RDY was used. When responding with 
a Type 1 or Type 2 IFR the response is a single byte, and as 


such it is always the last byte. For sake of consistency the 
HIP7010 requires a long RDY for Type 1 and Type 2 IFRs. 
See Status/Control Register and Application Information 
for more details. 


The other handshaking input is the Request Status/Control 
(STAT) input pin. STAT is used by the Host microcontroller to 
initiate an exchange of the Host’s contro! byte and the 
HIP7010’s status byte. A low to high transition on the STAT 
input signals the HIP7010 that the Host has placed a control 
word in it’s serial output register and is ready to exchange it 
with the HIP7010’s status word. The HIP7010 will generate 
the eight SCKs for the solicited transfer as soon as feasible. 
To avoid confusion with the transfer of a received J1850 
byte, STAT should generally be pulsed shortly after receiving 
each data byte from the HIP7010. This technique is safe, 
because once a J1850 message byte has been received 
from or sent to the HIP7010, another unsolicited transfer is 
guaranteed not to happen for at least 500us. A Control/Sta- 
tus byte transfer should also be performed in response to 
each high to low transition on the IDLE line. See Applica- 
tion Information for more details. 


Status/Control Register 


The Status/Control Register is actually a pair of registers: 
the Status Register and the Control Register. When the Host 
initiates a Status/Control Register transfer by raising the 
STAT input, the HIP7010 sends the contents of the Status 
Register to the Host and simultaneously loads the Control 
register with the byte received from the Host. 


Status Register 


The Status Register contains eight, read-only, status bits. 


p7 fe} stats |2itido | 
0D [mack] o | Fru | 4x_| crac | err | Bk | 


B7,EOD When an EOD symbol has been received on 
VPWIN and an IFR byte is received from the 
J1850 bus, the End-of-Data flag (EOD) is set, 
during the unsolicited transfer of the byte from the 
HIP7010 to the Host. EOD remains set, until the 
unsolicited transfer of the first byte of the next 
frame. 


EOD can be used to distinguish the IFR portion 
of a frame from the message portion. 


EOD is cleared by reset. 


B6, MACK If MACK (Multi-byte ACKnowledge) is high, 
either the MACK control bit has been set during 
a previous Status/Control Register transfer or a 
long normalization bit has been received follow- 
ing an EOD. When both MACK is set and the 
EOD flag (see B7, EOD) is set, the most recent 
data byte transferred is part of a Type 3 IFR. 
Mask remains set until the unsolicited transfer of 
the first byte of the next frame. 


MACK is cleared by reset. 


Bit 5 of the Status byte is not used and will 
always read as a 0. 


B5, 0 
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When First Time Up (FTV) is high, it indicates 
that a reset has occurred since the last Status/ 
Control Register transfer. FTU is high during the 
first Status/Control Register transfer after a reset 
and low thereafter. 


FTU can be used to recognize that a Slow Clock 
Detect reset has occurred or to insure that a 
Status/Control Register transfer has been suc- 
cessfully completed since the last reset. 


The 4X status flag indicates that the 4X mode bit 
has been set in the Control Register. This bit 
reflects the contents of the Control Register not 
the current mode of the HIP7010’s SENDEC. 
The SENDEC only changes modes_synchro- 
nously with an edge detected on the VPWIN pin. 


4X is cleared by reset. 


The CRC Error flag (CRC) is set when a CRC 
error has been detected in the current frame. 


CRC is cleared by reset and at the conclusion of 
the Status/Control Register transfer. 


The Error flag (ERR) is set when an illegal sym- 
bol or other, non-CRC error has been detected on 
the VPWIN pin. Following are some of the many 
errors which will cause ERR to be set: 1. An illegal 
symbol, (i.e. - a symbol other than a TV1, TV2, or 
Break in the middle of a data byte); 2. Receipt of a 
truncated byte (i.e. - less than 8 symbols); 3. The 
Host attempting to initiate a message more than 
96s after the IDLE line goes high; 4. An improp- 
erly framed message (i.e. - SOF not equal to 
TV3, wrong EOD, EOF, or NB widths); 5. Failure 
by the Host to use the long form of RDY to indi- 
cate the last byte of a message; 6. An attempt by 
the Host to transmit a single byte (Type 1 or Type 
2) IFR by setting ACK but without using the long 
form of RDY for the byte transfer; 7. Setting the 
Host asserting STAT during a data byte transfer; 
8. A transition has occurred on the VPWOUT pin 
and the reflected transition has not been 
detected on VPWIN (echo fail). 


ERR is cleared by a reset and at the conclusion 
of the Status/Control Register transfer. 


The break flag (BRK) is set on the first rising 
edge of VPWIN after a BRK symbol has been 
detected on the J1850 bus. If the Host was 
transmitting or has a message to transmit, it 
should re-arbitrate for the bus following an IFS 
(IDLE goes low). 


BRK automatically clears the 4X mode of the 
SENDEC and resets the 4X bit in the Status byte. 


BRK is cleared by a reset or at the conclusion of 
the Status/Control Register transfer. 


Control Register 


The Control Register contains eight, write-only, control bits. 
The PD, NXT, MACK, and ACK bits can only be set high they 
are cleared by hardware under specific conditions. The other 
four bits can be both set and reset by the Host. All bits in the 
Control Register are cleared by reset. 


(7 | 6 | s}atat2iti1to | 
| ack | mack | nxt | Po | 4x | ps2 | ost | bso | 


B7, ACK 
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Setting the Acknowledgment (ACK) bit signals 
the HIP7010 that, following the EOD, an IFR 
response is to be sent. Once set, the ACK bit 
cannot be cleared by the Host. ACK is cleared 
upon successful transmission of the IFR or at 
the next Idle. 


The ACK bit can be set anytime prior to the final 
byte of a message. The first IFR byte must be 
loaded into the Host’s serial output register, and 
the RDY line set after the HIP7010 transfers the 
next-to-last byte to the Host, and before the 
HIP7010 transfers the last byte (CRC) of the 
J1850 message to the Host. When the CRC 
byte is sent to the Host from the HIP7010, the 
IFR byte will be simultaneously loaded into the 
HIP7010. 


To send a single byte (Type 1 or Type 2) IFR the 
Host must leave MACK (B6 of the Control Regis- 
ter) low and use the long RDY line format. 


When sending a single byte (Type 1 or Type 2) 
IFR, the possibility of losing arbitration exists. In 
the case of a Type 1 IFR no further action should 
be taken. The standard protocol for handling 
loss of arbitration during a Type 2 IFR is to re- 
attempt the transmission until successful. To 
ensure proper transmission of the IFR the Host 
must repeatedly load it’s serial output register 
with the desired IFR byte, and set RDY (using 
the short format), until the IFR has been prop- 
erly received back. There is no danger of inad- 
vertently sending the IFR byte twice. The 
HIP7010 monitors the arbitration results and will 
transmit the IFR byte only once. The ACK bit is 
automatically cleared upon the first successful 
transmission thus preventing a second transmis- 
sion. The Host controls when the ACK bit is set. 
During normal operation the Host must only set 
ACK once per IFR. 


To send a Type 3 IFR the Host must set MACK 
high and use the short format of the RDY for all 
bytes except the last, when the long format is 
used. A CRC will automatically be appended to 
the last byte of a Type 3 IFR. A Type 3 IFR, con- 
sisting of a single byte plus CRC, can be created 
by setting MACK high and using the long RDY 
line format for loading the single data byte. 


B6, MACK 


B5, NXT 


B4, PD 
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When sending a Type 3 IFR, the possibility of 
losing arbitration during the IFR also exists. In 
the case of Type 3 IFRs, once arbitration has 
been lost the Host no longer needs to continue 
transmitting bytes. As in the case of Type 2 
IFRs, the Host cannot know arbitration has been 
lost until after the next byte to transmit has been 
loaded. Again, there is no danger of sending 
extra bytes because the HIP7010 automatically 
suspends transmissions once arbitration is lost. 


The Multi-byte Acknowledge (MACK) bit, in con- 
junction with the ACK bit, signals the HIP7010 
that, following the EOD, a Type 3 IFR with CRC 
response is to be sent. Once set, the MACK bit 
cannot be cleared by the Host. MACK is cleared 
upon detection of an Idle following the transmis- 
sion of the IFR. Setting MACK without also set- 
ting ACK will result in no IFR being transmitted. 


The MACK bit can be set anytime prior to the 
final byte of a message. The first IFR byte must 
be loaded into the Host’s serial output register, 
and the RDY line set after the HIP7010 transfers 
the next-to-last byte to the Host, and before the 
HIP7010 transfers the last byte (CRC) of the 
J1850 message to the Host. When the CRC 
byte is sent to the Host from the HIP7010, the 
first IFR byte will be simultaneously loaded into 
the HIP7010. To send a Type 3 IFR the Host 
uses the short format of the RDY for all bytes 
except the last, when the long format is used. 


If the Wait for Next Idle (NXT) bit is asserted 
high during a Status/Control Register transfer, 
the HIP7010 State Machine is re-initialized to a 
“wait for Idle” state. The VPWOUT pin is driven 
low and the IDLE pin is reset high. Activity on 
the VPWIN pin is ignored until a valid Idle is 
detected. When NXT is asserted the IDLE pin 
will go high for a minimum of 6ys. If the bus is 
Idle at the end of the 6us period, IDLE will be 
driven low and the HIP7010 will be ready to 
transmit or receive a J1850 message. If the bus 
is not Idle, current activity on the VPWIN pin is 
ignored until a new Idle is detected. 


The NXT bit enables the Host to ignore the bal- 
ance of the current message. Unsolicited trans- 
fers from the HIP7010 are guaranteed not to 
occur until the next Idle occurs. Transfers 
resume following the first byte of the next mes- 
sage. 


The Power-Down (PD) bit is used to halt internal 
clocks to the HIP7010 to minimize power. A low 
level on the VPWIN, a low to high edge on the 
STAT pin, or a high level on the RDY pin will clear 
the PD bit and normal HIP7010 functions will 
resume. 


B3, 4X 


B2, DS2 
B1,DS1 
Bo, DS1 
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PD can only be set if the IDLE pin is low or dur- 
ing the first Status/Control Register transfer fol- 
lowing a reset. The CLK input is internally gated 
off at the end of the Status/Control Register 
transfer. 


There are two situations which can cause the 
PD bit to be cleared prematurely: 1. The RDY 
input is high during the Status/Control Register 
transfer (since this is under control of the Host it 
should be avoided); 2. A noise pulse of less than 
8us duration occurs on the VPWIN line. 


If either of these situations occur, the PD will be 
cleared, the HIP7010 will awake and look for a 
valid edge on VPWIN, RDY, or STAT. If no valid 
edge has occurred the HIP7010 will recycle to 
the top of the State Machine, pulsing IDLE high 
for a minimum of 2us. It is the responsibility of 
the Host to monitor the IDLE pin after setting PD 
to ensure that the POWER-DOWN mode has 
been successfully entered. 


See Effects of Resets and Power-Down for a 
detailed discussion of the Power-Down mode. 


Setting the High Speed Mode (4X) bit causes the 
HIP7010’s SENDEC to decode symbols received 
on the J1850 bus at 0.25X the normal durations. 
The 4X mode is designed to allowed receipt of 
messages at 4X the normal J1850 rate. It is 
intended for manufacturing and diagnostic use, not 
normal “down the road” vehicle communications. 
Transmission is inhibited while the 4X bit is set. 


The 4X bit can only be written to when the IDLE 
pin is low or during the first Status/Control Regis- 
ter transfer following a reset. The SENDEC 
begins operating at the 4X rate upon receipt of 
the next edge. The system must provide sufficient 
time for all nodes to detect the Idle, interpret the 
“shift to high speed” message, and change their 
mode bits before issuing a high speed SOF. 


4X is cleared by receipt of a Break symbol on 
the J1850 bus and it can also be cleared by per- 
forming a Status/Control Register transfer with 
the 4X bit low. When cleared via a Status/Con- 
trol Register transfer, IDLE must be low. The 
SENDEC reverts to operating at the normal rate 
upon receipt of the next edge. 


The three Divide Select bits (DS2-DS0) are 
used to match the internal clock divider with the 
input frequency on the CLK input to produce the 
required 2MHz internal time base. Table 3 
shows the clock divide values and nominal input 
frequency for the eight combinations of DS2- 
DSO. 
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During a HIP7010 reset caused by a POR, a 
Slow Clock Detect, or a low on the RESET line, 
the Clock Divider is inhibited and a fixed divide-by 
sixteen clock divider is activated. This is greater 
than any selectable divide-by and guarantees 
proper operation of the SERIAL interface for all 
valid operating frequencies (although the transfer 
rate will be below 1MHz). The CLK divide-by 
remains at sixteen and operation of the HIP7010 
is suspended until the Host performs a Status/ 
Control Register transfer to set the proper divide 
value. The State Machine and SENDEC are held 
in a reset state (passive) until the first Status/ 
Control Register transfer has been completed. 
This insures proper setting of the divide selects 
prior to generation or receipt of any symbols. 


TABLE 3. DS2-DS0 CLOCK DIVIDER SELECTIONS 


INTERNAL 
CLK INPUT 
FREQ. (MHZ) 


HIP7010 CLK 
DIVIDE-BY 


To fo fo [nen [2 
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1. Objective Specification 


Once DS2-DS0 have been set following a reset, 
they must not be altered. Each Status/Control 
Register transfer must properly reassert the 
same DS2-DSO values to maintain proper clock- 
ing. Selecting a DS2-DSO combination which is 
too low for the given CLK frequency can result in 
loss of SERIAL communications, due to exces- 
sive clocking rates. In such instances the only 
recovery mechanism is to force a HIP7010 reset 
by pulling the RESET input low, interrupting the 
CLK input, or performing a power-on reset. A well 
behaved Host will avoid changes to DS2-DSO. 
System fault tolerance can be maximized by using 
the lowest possible frequency at the CLK input. 


Power-down does not reset DS2-DS0, allowing 
rapid “wake-up” from the Power-down state. 


Symbol Encoder/Decoder (SENDEC) 
Operation 


The Symbol Encoder/Decoder (SENDEC) hardware inte- 
grated in the HIP7010 handles generation and reception of 
J1850 messages on a symbol by symbol basis. Symbols are 
output from the SENDEC, as a digital signal, on the VPWOUT 
pin and input, as a digital signal, on the VPWIN pin. These two 
lines must be connected through a bus transceiver (such as 


the Harris J1850 Bus Transceiver HIP7020) to the single wire 
J1850 bus. The transceiver is responsible for generating and 
receiving waveforms consistent with the physical layer specifi- 
cations of J1850. In addition, the transceiver is responsible for 
providing isolation from bus transients. 


Every symbol sent out on the VPWOUT is, in effect, inverted and 
reflected back on the VPWIN pin after some finite delay through 
the transceiver. In actuality. Only active symbols are guaranteed 
to be reflected unchanged. If the transmitted symbol is passive 
and another node is simultaneously sending an active symbol, 
the active symbol will dominate and pull the bus to a high level. 
The SENDEC circuitry includes a 3-bit digital filter which effec- 
tively filters out noise pulses less than 81s in duration. 


The STATE logic transfers data bits between the SERIAL 
system and the SENDEC and handles addition of required 
frame elements such as the SOF symbol and the CRC byte. 
When transmitting bytes, bits are taken from the SERIAL 
shift register and translated into the required symbols, bit by 
bit. Timing of each symbol is calculated from the last 
transition on the VPWIN line which keeps all nodes on the 
J1850 bus “in synch” during arbitration periods. 


Decoding of received symbols is automatically performed by 
the SENDEC. The decoded symbol is translated to a O or 1 
value and transferred by the STATE logic into the SERIAL shift 
register. As each symbol is decoded it is shifted into the 
SERIAL shift register and, if transmitting, the next bit to transmit 
on the J1850 bus is shifted out. Once an entire byte has been 
loaded into the SERIAL shift register the STATE logic automati- 
Cally generates an unsolicited transfer of the byte to the Host. 


Whenever the SENDEC is transmitting, it is simultaneously 
monitoring the “reflected” symbol on the VPWIN line. At 
each transition the reflected symbol is read and compared to 
the sent one. If the reflected symbol doesn’t match the sym- 
bol sent, a collision has occurred and the HIP7010 automati- 
Cally disables transmissions until the next Idle/IFR period. If 
there was no collision, the HIP7010 continues transmitting 
until the entire byte has been sent. Once the byte has been 
sent, a full byte will also have been reflected and received by 
the HIP7010. As discussed above, the HIP7010 initiates a 
transfer of the received byte to the Host, which allows the 
Host the opportunity to compare the sent and reflected 
bytes, and to transfer the next byte of the message. 


In addition to features already discussed, the SENDEC 
includes, noise detection, Idle bus detection, a wake-up facil- 
ity, “no echo” detection, and a high speed receive mode. Sym- 
bol timing is based on the main CLK input. The programmable 
prescaler, controlled by the DSO-DS2 bits in the Control Reg- 
ister, allows proper SENDEC operation with a variety of CLK 
input frequencies (see DS2-DSO under Status/Control Reg- 
ister for prescaler details). The high speed mode is a J1850 
extension which allows production and/or maintenance equip- 
ment to transmit messages at 4X the normal 10.4Kbps rate 
(see 4X under Status/Control Register for prescaler details). 


Software algorithms can be implemented in the Host to pro- 
vide message buffering and filtering and other needed fea- 
tures to create a complete J1850 VPW node. See the 
Applications Information section for typical algorithms. 
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The State Machine Logic (STATE) 


The State Machine Logic (STATE) of the HIP7010, is a 
sequential state machine implementation of the J1850 VPW 
data link layer. STATE controls data flows within the HIP7010 
and between the Host and the J1850 bus. 


When receiving messages, STATE monitors the input from 
the SENDEC, building byte sized chunks to send to the Host. 
As each byte is assembled, STATE transfers the result to the 
Host via the Serial interface, as an unsolicited transfer. Upon 
receipt of a complete message (recognized by EOD), STATE 
verifies both the CRC and bit counts and sets appropriate 
Status Register flags. 


When transmitting messages from the Host to the J1850 
bus, STATE waits for the first RDY input transition, after 
which it retrieves the first byte from the Host and initiates the 
message with an SOF. Each bit of the Host’s message byte 
is transferred to the J1850 bus via the SENDEC. When the 
transfer of a byte is complete, STATE checks for a new RDY 
(if there is one), retrieves the associated byte, and again 
transfers the byte via the SENDEC to the J1850 bus. After 
retrieving each byte from the Host, STATE checks to see if 
the long RDY format was used, which indicates this is the 
end of the Host’s message. If the message is complete, 
STATE transfers the final byte to the J1850 Bus and then, 
automatically, sends the computed CRC to the J1850 bus. 


Throughout the transmission of a message from the Host to 
the J1850 bus, STATE monitors the symbols reflected back 
via the SENDEC and handles all bus conditions such as loss 
of arbitration, illegal bits, Break, bad CRC, and missing bits. 
STATE also catches Host errors including failure to set the 
RDY line in time for the next byte transfer, attempting to ini- 
tiate a new message more than 96us after IDLE has gone 
away, and inappropriate use of the STAT line (i.e. - request- 
ing a Status/Control Register transfer during an unsolicited 
transfer of the reflected data). 


The Control Register bits influence STATE. If ACK is set, 
STATE handles sequencing of the requested IFR. The flow 
consists of waiting for an EOD, sending the appropriate Nor- 
malization Bit (Type 1/2 vs Type 3 IFR), transferring the IFR 
byte(s) from the Host to the J1850 bus, handling arbitration, 
and finally adding the CRC to Type 3 IFRs. As with normal 
transmissions, STATE contains error handling to react appro- 
priately to all J1850 bus conditions. 


Detection of an Idle on the bus causes STATE to set the IDLE 
pin. STATE clears the IDLE pin upon receipt of a transition on 
the VPWIN line or when the Host initiates a new message. 


Detection of a Break on the J1850 bus causes an interrupt 
input to STATE which causes the HIP7010 to cease any cur- 
rent transmission and enter a wait for IDLE mode. 


Effects of Resets and Power-Down 
Resets 


A Power-On reset, a Slow Clock Detect reset, and a low on 
the RESET pin all have an identical effect on the operation of 
the HIP7010. All resets are asynchronous and immediately 
do the following: 


¢ VPWOUT is forced low. 

The HIP7010 is set to RESTART mode. 

The internal divide-by is set to sixteen and held at that 
value until the RESTART mode ends. 

SACTIVE is forced high and SCK and SOUT are set toa 
high impedance state. 

The ACK, MACK, NXT, PD, and 4X bits are cleared in the 
Control Register. 

All Status Register bits are cleared (except bit 4, FTU, 
which is set to a 1). 

IDLE is forced high and held high for 17 CLKs after the 
source of the reset is removed. After 17 CLKs, IDLE is 
forced low. IDLE Remains low until 40 CLKs +1.5ys after 
the first Status/Control Register transfer. 

The SENDEC is reset, holding the symbol timer at a count 
of 0 and clearing the 3-bit VPWIN filter to all 0’s, until the 
RESTART mode ends. 

STATE is held in a reset loop until the RESTART mode 
ends. While STATE is in the reset loop, transitions on the 
RDY pin are ignored. 

The RESTART mode is entered by any reset and ends when 
the first Status/Control Register transfer has been com- 
pleted. Upon exiting the RESTART mode the HIP7010 
enters its normal RUN mode. This is reflected in the clearing 
of the FTU bit of the Status Register. 


When the RESTART mode ends and the RUN mode begins, 
the internal divide-by is set to the value programmed via 
DS2-DSO0 in the Control Register. The IDLE pin is driven 
high after 40 CLKs, the SENDECs counter and VPWIN filter 
begin operating, and STATE begins monitoring the outputs 
of SENDEC looking for an Idle. 


The HIP7010 remains in RUN mode until another reset 
occurs or the POWER-DOWN mode is entered. 


Power-Down 


The POWER-DOWN mode of the HIP7010 is entered by set- 
ting the PD bit in the Control Register (see Control Register 
for more information). Setting the PD bit can only be done 
when the HIP7010 is driving the IDLE pin low. Once set, the 
PD forces the HIP7010 to the POWER-DOWN mode 2us 
after the completion of the Status/Control Register transfer. 
While in the POWER-DOWN mode the CLK input is internally 
gated off, minimizing power dissipation. The Slow Clock 
Detect is inhibited while in the POWER-DOWN mode. 


9-31 


MULTIPLEX 
COMM. CIRCUITS 


HIP7010 


A return to the RUN mode from the POWER-DOWN mode is 
normally caused by a low level on VPWIN. During POWER- 
DOWN the input signal is not filtered via the 7s digital filter (no 
clocks are available to drive the digital filter). Without filtering in 
place it is possible for a noise spike, less than 8ys wide, to 
wake-up the HIP7010. In such a case the HIP7010 returns to 
RUN mode, but the spike is rejected by the now running, digital 
filter and the bus continues in the Idle state. To notify the Host 
when such spurious wake-ups occur, STATE monitors the out- 
put of the digital filter and if, within 121s after the wake-up, the 
digital filter doesn’t indicate VPWIN is low, STATE pulses IDLE 
high for 2us and then drives it low again. The HIP7010 is now in 
the RUN mode. It_is the responsibility of the Host to recognize 
the pulse on the IDLE pin and set PD in the Control Register to 
reenter the POWER-DOWN mode. In systems where the Host 
directly monitors the VPWIN pin during POWER-DOWN, moni- 
toring the IDLE pin may not be necessary. 


One of the mechanisms to exit POWER-DOWN is to provide a 
high level on the RDY pin. Since this is a level sensitive event 
the HOST must ensure that RDY is not already high when the 
PD bit is set in the Control Register. A well behaved Host will 
control this properly. However, in the event RDY is high when 
PD is set, a 12us timeout will occur similar to that described 
for waking-up with a noise pulse on VPWIN. After the timeout, 
IDLE will pulse high for 2us then low again. The Host should 
react to this pulse appropriately. 


Test Mode 


Overview 


The TEST mode is entered by raising the TEST input pin on 
the HIP7010. Depending on the current STATE contents, the 
TEST mode may or may not be entered immediately. To 
insure direct entry into TEST mode, the TEST pin should be 
driven high before or immediately following a reset (i.e. - 
before the first Status/Control Register transfer). TEST mode 
can also be quickly entered by raising the TEST pin and set- 
ting the NXT bit in the Control Register. 


The TEST mode allows the Host (or factory Automated Test 
Equipment, ATE) to run one of several test blocks. Once 
TEST mode has been entered a specific test block can be 
selected by using the RDY and STAT lines and setting the 
Control Register contents appropriately. 


While in Test mode, the VPWIN pin is internally connected to 
the VPWOUT (with proper polarity). This provides a means 
of isolating faults. 


Test Block 1 


Upon entering TEST mode, the HIP7010 is set to run Test 
Block 1 (TB1). TB1 provides a means to test the SERIAL block 
of the HIP7010. It also tests proper functionality of the IDLE pin. 
TB1 is equally useful for in-system or component level testing. 


Using the short form of the RDY pulse, the Host requests the 
HIP7010 to swap the contents of the SERIAL block’s shift 
register with the serial register of the HOST. The Host can 
continue requesting serial transfers indefinitely while in TB1. 


Following a reset the contents of the SERIAL shift register 
will be $00. Each time a swap is performed the JLBIC will 
echo back to the HOST the byte which the HOST provided 
during the previous transfer. Following each transfer the 
IDLE pin is pulsed low for 1s. 


Test Block 2 


Test Block 2 (TB2) is entered from TB1 by using the long 
form of RDY. A final TB1 transfer will be completed and then 
the HIP7010 will enter TB2. 


Additional Test Blocks 


Additional Test Blocks are currently being defined and 
descriptions will be included in the next release of this docu- 
ment. 


Applications Information 
Typical Flowcharts for HIP7010 Based J1850 Messaging 


The previous discussions have detailed the operating details 
of the HIP7010 features. The techniques for utilizing the fea- 
tures to send and receive J1850 messages was presented in 
a somewhat fractured manner. The following descriptions 
are intended to provide a more unified look at the operations 
and to serve as a template for use of the HIP7010 in imple- 
menting standard J1850 protocols. 


This section will be included in the next release of this docu- 
ment. Harris TechBriefs pertaining to the HIP7010 are avail- 
able from Harris Applications Engineers. 
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April 1994 VO for Multiplex Wiring 


Features Description 


e J1850 Bus Transceiver V/O for MX Wiring The HIP7020 IC is an Integrated I/O Bus Transceiver designed for 

the SAE Standard J1850 Class B Data Communication Network 

* SV CMOSITTL Logic Interface Interface. The Bus transmits and receives data on a single wire 

e Current Controlled Transmitter Driver using a 10.4 kHz VPWM (Variable Pulse Width Modulated) signal. 

The HIP7020 is intended as an I/O buffer interfacing to 5V CMOS 

* Controlled Rise/Fall Time of Bus Drive for Both — gic and is designed to operate directly from the 12V battery line of 

Voltage and Current an automobile. The normal Bus voltage swing capability is from OV 
Filtered BUS Input Receiver to 7.75V at currents greater than 30mA. 


Ground Fault Tolerant for Bus Isolation As shown in the block diagram, the Transmitter TX Input and the RX Out- 

put of the Bus Transceiver Circuit interface to the control logic. The TX 
Protection for Reverse Battery, input signal is wave shaped for rise time, fall time and amplitude before it 
Load Dump and Latch-up is converted from voltage to current. The Waveshaper with an external 
+9kV ESD Protection programming resistor, Rg controls the rise and fall time of the BUSOUT 
-BUS OUT and BATTERY Pins output signal. The current source drive to the Bus is voltage controlled by 

the Wave Shaped Voltage Reference to a maximum limit as specified for 
-40°C to +125°C Operating Range the J1850 Bus and includes short-circuit current limiting. 


Loop-Back Fault Detection Mode The HIP7020 Receiver is connected to the J1850 Bus through an 
4x (41.6kHz) Receive Speed external resistor, Re and has a trip point at one-half of the Bus signal 

( , voltage which is nominally 3.875V. The Receiver input is filtered to 
remove high frequency Bus noise by the external resistor and an inter- 

: . nal capacitor. The bus signal is output at the Receiver RX Output. The 
Ordering Information RX interface to the control logic incorporates blocking circuitry to pre- 


vent power-up of the logic circuits when the battery power is off. 
PART TEMPERATURE 
NUMBER RANGE The HIP7020 has a Loop-Back Enable Mode Switch to return diag- 
nostic information for the Bus Transceiver node. For an active low or 
40°C to +125°C | 8 Lead Plastic SOIC (N)}_ an open LB EN input, the Transmit/Receive signals are internally 
40°C to +125°C Looped-Back” to provide a TX to RX return signal path indepen- 
dent of signals on the Bus. A return path validation indicates proper 


action of the Bus Transceiver apart from the J1850 Bus. 


Pinout Block Diagram 


HIP7020 (PDIP, SOIC) 
TOP VIEW 


MULTIPLEX 
COMM. CIRCUITS 


WAVE Vaes™ | VOLTAGE TO 
SHAPED CURRENT 
VOLT. REF CONVERTER 


DIAGNOSTIC 
LOOP-BACK 
MODE SWt 


SLB 
— tSWITCH SHOWN IN 
LOOP-BACK MODE 


BUS RCVR AND 
VOLT. COMP. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. File Number 3642.1 
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Specifications HIP7020 


Absolute Maximum Ratings 


BUDDY VONAUG, Varies scss vasasesnswiasevaedanedes t24Vp¢ 
J1850 BUS Input Voltage, Vaysin... +... ee eee eee e eee e eee +20V 
J1850 BUS Load Current, VaysouT -- +--+: e rere teens Self-Limiting 
TA Logic Input VONANG s 255s rcswseseeersens GND-0.3V to 7V 
As LOG OU CUTE cscisen ceed dencceenee cada neds 5mA 
Load Dump (Note Tack ccccccexcnetunsecewnse wens ween 40V 
BUS Transient Susceptibility ............ 20. eee eee (Note 2) 
ESD: BUS OUT, BATTERY Pins, (Air Gap, Note 3) ....... +9KV 

BUS OUT, BATTERY Pins, (Direct, Note 3) ....... +4.5KV 

All Other Pins (Direct, Note 3) .............0008. +2KV 


Thermal Information 


Thermal Resistance Bia 
Plastic DIP PaCKG6, 2.4 csccccecccenavancewane ee 150°C/W 
Plastic SOIG PaCkagG, <<. scavcanersasncavcawnsns 165°C/W 

Maximum Package Power Dissipation, Pp (SOIC) 

BESET scviaucwaswadse oveeee s ewededaceenstss 395mW 
Above +85°C, derate at .. 0... cece eee eee eee 6.14mW/PC 


Maximum Package Power Dissipation, Pp (PDIP) 


BOF cdindivnsscsiveswtink yaeretewneeeceeasy 433mW 
Above +85°C, derate at .......... cece eee eee 6.67mMWPC 
Operating Temperature Range ................ -40°C to +125°C 
Maximum Junction Temperature. ... 1.2.0... cee eee eee +150°C 
Storage Temperature Range.................. -40°C to +150°C 
Lead Temperature (Soldering 10s) ............00eee eee +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 


Ta = -40°C to +125°C; 9.5V < Vearz Ss 16V; Unless Otherwise Specified; Refer to Block Diagram and 


Figure 1, Figure 2, Figure 3 and Figure 4 for Waveforms and Test Circuit. 


(Note 4) 


Operating Voltage Range 


VeattT 


Current) 


Supply Current, BUS OUT Short IBaTT(SB) 
to BATT 


Thermal Shutdown Temperature (Note 5) 


= 


Noise Isolation; BATTERY and 
GND to BUS OUT 


TX CMOS/TTL INPUT WITH/PULL DOWN 
Input Bias Current, TX ™ 
Input Low Voltage 
Input High Voltage 
BUS OUT 

BUS OUT High Voltage 
BUS OUT Low Voltage 


BUS OUT Voltage, Low BAT- 
TERY 


< 


< 
3) 


H 


< 


BOL 


VBOH(PSL) 


Source Current, Bus Low 
Source Current, Bus High 


Current Limit, Short Circuit 


Ipo(sc) 

Leakage Currents 
BATTERY Low/OFF 
Bus High 


IBo_LEAK 


Vix Low 


With Loss of BATTERY 
With Loss of Ground 


[ranaweren | svweoi | ___Testeonomons | ww | TP | wax | units 
[ise Supa Curent | lou | Nobis Surah Vearr= 126vsVmtow | 100 | | 00 | va 


Supply Current, BUS OUT Short BUS OUT Short to GND, Vz High i | 
to GND 


BUS OUT to Vgarr; (NO Igo | VixHigh} 2 | = | 


Thermal Shutdown Hysteresis (Note 5) 10 | 


Figure 3, Test Circuit 


Vrx =7V; (Note 6) 


Bus Load, Res = 2402 to 2500Q; Vrx High 
=10KQ; Vr, Low 


Bus Load, Res 


-20V < Veus S$ VeBou: Vrx High 
VBOH <Vpus Ss (Veatt -1.5V); Vrx High 


-2Vs Veus Ss Veou; Vrx High 


Veatr S$ 2V; Vrx High or Low 
(Veatt -1.5V) S$ Veaus S$ +20V; Vex High 
-20V S Vaus S +20V; OV S Vearz S16V; 


-20V S$ Vaus S +20V; OV < Vearz Ss 16V; 
Vix High or Low 


ps | - | | 


mA 


mA 


| f5]3] 8 


_ 
| 
(2) 


tom | 100 
= 


“PLL 


7.5 7.75 


< 
5 


-1.5V) 


0.75 


' 
—_ 
oO 


PPL >| lelele] <4 
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Specifications HIP7020 


Electrical Specifications = T, = -40°C to +125°C; 9.5V < Vparys 16V; Unless Otherwise Specified; Refer to Block Diagram and 
Figure 1, Figure 2, Figure 3 and Figure 4 for Waveforms and Test Circuit. (Continued) 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
TX to BUS OUT Propagation torxupo, | Res =10kQ; Cys = 470pF; Rg = 62kQ; 10.7 | 13.75 | 17.5 us 
Delays toTxLBo (Note 7) 
BUS OUT Transition Times, Rise tp, te 14 us 
and Fall 


a 
Feputtowvorace |v | ———SS~d 2) i ss 


-20V < Veus 3 +20V; OV S Vaart s 16V; 
Vix High or Low 


Input Bias Current 


Ei 


Max. Input Current with Loss of 
Ground 


IBIN(MAX) 


Input Resistance 
Input Capacitance 


Filter Bandwidth 


Cain 


fgw (dB) | Measure with Ext. Series Resistor, 750 


Re = 15kQ 


lout = 1.6mA 
l RX(LK) Vout = ov, Rp = 10kQ; BUS IN Low 


torxon: Meas. at Bus 50% Level 
toRXOFF 


IL 
xX 
LB EN CMOS/TTL INPUT WITH/PULL DOWN 
Vit 
|H 
LB 


x 
w 
N 


RX OUTPUT 


V 


(=) 
> 


Output Voltage, Low 
Output Current 


Output Leakage Current 


Receive Propagation Delay 


Ph: 


_ 
N ° 
on 


a 
| Vis = 7V; (Note 8) 


toLBoN: Vip Low; Toggle TX; Meas. RX 10.7 
toLBOFF 


Input High Voltage 
Input Bias Current, LB 


TX to RX Turn ON, OFF; Delay In 
Loop-Back Mode 


LB EN Turn ON, OFF; TX to BUS 
OUT 


to(LH)» Vrx High; Toggle LB EN; Meas. BUS OUT 
to(HL) 


MULTIPLEX 
COMM. CIRCUITS 


NOTES: 


1. Load Dump -40V (Fault capability of the J1850 Bus Transceiver includes reverse BATTERY, load dump and latch-up tolerance to +200mA 
on any terminal.) 


2. Transient Susceptibility Bus and BATTERY Pins Per SAE J1113, Aug 1987, Figure 1, Figure 2, Figure 3A and Figure 3B of -100V, +150V 
and +200V. 


3. ESD Conditions - SAE J1113; Aug 1987. | BUS OUT and BATTERY Pins: Air Gap and Direct Contact Discharge; R = 2kQ, C = 150pF 
All Other Pins: Direct Contact Discharge; R = 1.5kQ, C = 100pF. 


4. In the operating voltage range from 6V to 9.5V the BUS OUT, Vgoy is limited by the low power supply. In the operating voltage range from 
16V to 24V the maximum bus load is limited by the device dissipation ratings. 

5. Over-temperature shutdown with hysteresis is incorporated to protect the IC under system failure conditions. 

6. Measured Current into the TX terminal is determined by Pull-Down Current Sink plus Leakage, Ix = Isty + ILx. 


7. Propagation Delay limits are measured at the 50% level which is referenced to 3.875V. Rise, Fall Times are referenced to 1.5V Low 
threshold point and 6.25V High threshold point. 


8. Measured Current into the LB terminal is determined by Pull-Down Current Sink plus Leakage, Ig = Isig + IL. 
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HIP7020 Signal Interface 


The HIP7020 is a member of the Harris family of low cost 
multiplexed wiring ICs. As a Bus Transceiver IC, it interfaces 
the module and system control logic to the vehicle signal bus 
wiring. The integrated functions of the Bus Transceiver serve 
as an interface for a “Class B” multiplexed communications 
network. The TX digital interface is designed to accept 
CMOS/TTL logic levels and convert them to the appropriate 
J1850 analog serial data levels. This is accomplished using 
an internally generated reference waveform and voltage 
driver with a controlled current source to supply an analog 
signal output to the J1850 bus load of 3000 (typical). 
Because of the special wave shaping used to control the 
J1850 bus waveform, it is regarded as an analog signal. 


In the receive mode the incoming bus analog signals are input 
to the receiver at the BUS IN terminal. The bus data is con- 
verted to logic information by comparing it to an on-chip refer- 
ence voltage. The received signal is provided as digital output 
from an open collector transistor driver at the RX output. 


In the transmit mode a CMOS/TTL digital signal is received 
at the TX input. It is then rise and fall time controlled, wave 
shaped and level adjusted. A voltage controlled current 
driver circuit transmits the signal from the BUS OUT terminal 
to the J1850 Bus with current limiting protection. 


Functional Blocks 


The Bus Transceiver IC functional blocks, as shown in the 
Block Diagram, are as follows: 


TX BUF (Transmit Input Buffer Interface) 


The TX Buffer input function is a data interface to the Wave- 
shaper reference circuit. The CMOS/TTL logic levels to be 
transmitted are input to the TX pin. 


Waveshaper Circuit 


This stage defines the transitions of high and low signal levels 
to provide a uniform rise and fall time. The input signal to the 
Waveshaper is the TX Buffer output and is an active high sig- 
nal. In the Waveshaper the Transmit signal is amplified and 
compared to an internal reference voltage. The Waveshaper 
also provides waveform corner shaping on both the positive 
and negative going transitions. The rise and fall time of the 
serial waveform is set by the Waveshaper circuit and an exter- 
nal programming resistor, Rg that sets an internal current ref- 
erence for control of the rise and fall slopes of the waveform. 


Wave Shaped Voltage Reference Drive, Vper 


The Wave Shaped Voltage Reference circuit sets a scaled ana- 
log signal level and maintains a constant peak-to-peak voltage 
during worst case BATTERY voltage conditions, including cold 
cranking. The analog signal from the Wave Shaped Voltage Ref- 
erence circuit drives the Voltage-to-Current Converter and a 
Level Shifter Interface to the bus driver transistor, Q1. The Vol- 
age-to-Current Converter, in addition to the waveform leveling, 
helps to preserve low RFI and drive integrity. The edges of the 
wave shaped waveform, Vacr have well defined rise and fall 
times and the knees of the waveform are smooth and rounded 
as signal conditioning to reduce RFI. 


Voltage-to-Current Converter 


The Voltage-to-Current Converter determines the maximum 
Current to be sourced out to the J1850 bus and is designed 
to source current proportional to the input signal from the 
Wave Shaped Voltage Reference, Vace. The output of the 
Voltage-to-Current Converter maintains drive integrity of the 
Vrer waveform without the use of feedback. 


A small quiescent current source is supplied to maintain a 
fixed minimum for each bus node. This precisely fixes the 
quiescent current at low input signal drive to the Voltage-to- 
Current Converter. 


Voltage Controlled Current Driver, Q1 


The Voltage Controlled Current Driver, Q1, controls the 
amount of current sourced out to the J1850 Bus. The Wave 
Shaped Voltage Reference, Vper, drives the base of Q1 and 
the Voltage-to-Current Converter drives the collector of Q1. 
Both voltage and current determine the drive level which is 
supplied to the bus. When the Bus voltage is below the level 
determined by the Voltage Reference, Vpcr, the Voltage 
Controlled Current Driver allows more current to be sourced 
out to the J1850 Bus. Voltage drive may increase as needed 
until the Bus voltage and the Voltage Reference match or 
until the maximum current limit is reached, as set by the Volt- 
age-to-Current Converter. When the Bus voltage is above 
the Voltage Reference the Voltage Controlled Current Drive 
to the J1850 Bus is decreased. Decreasing correction 
occurs until the Bus voltage and the Voltage Reference 
match or until zero current is being sourced. 


Filter, Bus Receiver and Voltage Comparator 


The Filter limits the high frequency bandwidth by external 
resistor, Re, and the input capacitance of the Filter Block. 
The on-chip Filter network and the external resistor, Re, form 
a low pass filter to reject high frequency noise that may be 
present on the bus. Resistor, Re, also provides isolation pro- 
tection from transients. The analog bus signal is passed to 
the Bus Receiver and Voltage Comparator which determine 
when the bus is high or low as referenced to half the nominal 
bus voltage at the BUS IN pin. 


RX BUF (Receiver Output Buffer Interface) 


The RX BUF function is a buffer for the logic output as deter- 
mined by the Bus Receiver and Voltage Comparator. An 
open collector transistor supplies current switched output to 
an external load resistor, Rp. BUS IN data is converted to 
serial CMOS/TTL logic data which is output at the RX pin of 
the HIP7020. Resistor, Rp, is biased from the digital 5V sup- 
ply for optimum output drive levels to the logic circuits. 


Thermal Shutdown 


Over-temperature shutdown with hysteresis is incorporated 
to protect the IC under system failure conditions. Tempera- 
ture is sensed at the transistor, Q1. Thermal shutdown will 
occur when the temperature of the chip reaches +150°C 
(minimum) and will latch-off the HIP7020 Bus Receiver oper- 
ation. A reset occurs on the first positive edge transition of 
the next transmit data bit after ~15°C decrease in chip tem- 
perature. Hysteresis in the thermal shutdown threshold is 
necessary to allow the temperature to decrease to a safe 
operating temperature, typically less than +140°C. 
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Diagnostic Loop-Back Mode Switch 


The HIP7020 has an active low Loop-Back Enabled Mode 
Switch which controls an internal signal path to provide diag- 
nostic information. When Enabled, the Transmit/Receive sig- 
nals are internally “Looped-Back” independent of the signal 
conditions on the J1850 Bus. A return path validation indi- 
cates proper action of the Bus Transceiver apart from the 
J1850 Bus. In the Loop-Back Mode, the transistor, Q1 output 
is forced low, preventing the output from sourcing current to 
the bus. Loop-Back is not affected by thermal shutdown. 


Note: The Block Diagram switch position is shown for Loop- 
Back operation. A pull-down at the LB EN input forces an 
active low Loop-Back mode as the default position when no 
connection is applied. 


Operational Description 


Bus Output Signal 


The BUS OUT output drive from the HIP7020 conforms to 
the SAE Standard J1850 Class B Data Communication 
Network Interface document specifications. It meets these 
requirements without oscillation, glitches or overshoots. The 
digital signal to be transmitted is wave shaped and amplitude 
controlled to produce an analog serial data waveform with 
precisely defined rise and fall edges. Operational capability 
covers a wide range of bus load resistances, capacitances 
and characteristic impedance while complying with the arbi- 
tration requirements of the Bus. Transient noise interference 
on the bus is minimized by the bus interface filtering and 
control circuitry of the Bus Transceiver IC. 


The HIP7020 maintains a uniform and consistent bus waveform 
having specific transition times and propagation delays to pre- 
serve a J1850 analog data stream. Transmitted bus data is 
encoded by a J1850 PCI Controller (Programmable Communi- 
cations Interface, see Figure 3) where “1's” and “O's” are defined 
by the length of time in which the bus voltage is high or low. Pre- 
cise waveform control is necessary for a receiving node to accu- 
rately decode the difference between “1's” and “O's” by the time 
duration of high levels and low levels on the bus. In order to retain 
bus data integrity, digital information to be transmitted on the bus 
is wave shaped and amplitude controlled in the Bus Transceiver. 
The transmitted signal output to the J1850 Bus is a waveform 
with uniform edge control and precisely defined voltage levels. 


Bus Current and Voltage Control 


The Bus Transceiver has a Wave Shaped Voltage Reference 
which controls both the Voltage-to-Current Converter and 
the Bus Voltage Driver, Q1. The Voltage-to-Current Con- 
verter supplies a limited current feed to the collector of Q1. 
Together this provides the function of a Voltage Controlled 
Current Driver which controls the bus voltage drive level 
while supplying limited current to drive the bus load. 


Wave Shaped Voltage Reference, Vrer 


The output of the Wave Shaped Voltage Reference is a uni- 
form signal which is a scaled waveform of the desired bus 
signal and is shown as Vper in Block Diagram. This signal 
controls the output current driver and is the input to the Volt- 
age-to-Current Converter. The internal reference voltage, 
Vaer is isolated from the J1850 Bus and is totally unaffected 


by the signal conditions on the bus. This isolation provides 
superior Bus stability in the vehicle environment. The bus 
drive control interface maintains the integrity of the Vacr 
waveform supplied to the bus. This is done without feedback 
control which is inherently susceptible to oscillation. 


Voltage-to-Current Converter 


The Voltage-to-Current Converter generates a current, Igo; 
which is proportional to the Wave Shaped Voltage Reference 
magnitude and waveshape. This is the maximum current that 
can be supplied to the bus and is limited to a value of 45mA. 


The Voltage-to-Current Converter also generates a sustained 
marginal current, Iggq2 which bypasses the output driver direct 
to the BUS OUT pin. This current is proportional to the Voltage 
Reference magnitude and waveshape but is otherwise limited 
to 0.75mA. The purpose of this low level current source is to 
minimize reverse current conditions in the event of a bus collli- 
sion. For example: With Node 1 and Node 2 in a state of Bus 
arbitration (both Nodes ON), a positive ground bounce interfer- 
ence at Node1 will attempt to assume full control and cause 
reverse current conditions at Node 2. The sustained marginal 
current sourced at Node 2 will assure a minimum level of out- 
put from Node 2 and will also reduce RFI on the bus. 


Voltage Controller Current Driver 


The Voltage Controller Current Driver, Qi, is the device 
which controls the amount of the available current which will 
be sourced out to the bus as determined by the Voltage Ref- 
erence and allowed by the Voltage-to-Current Converter. 


When the Bus voltage is below the Voltage Reference, Q1 
allows more current to be sourced out to the J1850 Bus; until 
the Bus voltage and the Voltage Reference match or until the 
maximum current limit is reached as set by the Voltage-to- 
Current Converter. 


When the Bus voltage is above the Voltage Reference, Q1 
allows less current sourced out to the J1850 Bus; until the 
Bus voltage and the Voltage Reference match or until zero 
current is being sourced from Q1. 


Bus Output Waveform 


The bus output waveform shown in Figure 1 is controlled by 
the internal Waveshaper and has a tightly controlled rise and 
fall time with rounded corners. The RISE/FALL TIMES tp and 
te are defined between Vgo, and Vaou. The timing to reach 
the 50% voltage level of the bus signal is typically 13.75ys 
from the start of TX input going high. 


Constant Propagation Time Delay 


There is a constant propagation time delay from the TX 
going high or low to the Bus output signal (measured at 
3.875V). This time delay is nominally 13.75us. The propaga- 
tion time delay signals are shown in Figure 2. 


The BUS IN input signals, as shown in Figure 2, are character- 
ized by the Vgiy4 and Vpy specifications which include hystere- 
sis. There is a constant propagation delay for the Bus to RX 
receive channel of the Bus Transceiver. The received propaga- 
tion delay time is typically 11s as measured in reference to the 
50% voltage level on the rising or falling edge of the BUS IN 
input signal to the rising or falling edge of the RX output signal. 
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Low Pass Filter Input 


The BUS input has an on-chip input filter to strip off the 
unwanted incoming high frequency noise. The 3dB point of 
this filter is nominally 750kHz. 


Diagnostic Bus-Isolated Loop-back 


An on-chip Bus-lsolated Diagnostic Loop-Back function is con- 
trolled by the LB EN pin. The Loop-Back function is a mode 
switch that is enabled by placing a logic low on the LB EN pin. 
When activated, the signal flow is cross-switched to open the 
Bus Receive Input and connect the Voltage Reference, Veer 
output to the input of the Bus Receiver. This “Loops-Back” the 
TX signal to the RX output while maintaining isolation from the 
signal on the J1850 Bus. When the Loop-Back is enabled, diag- 
nostic trouble shooting can be done at each individual node 
regardless of fault conditions on the bus. 


50% = 3.875V 
BUS 


1.5V 
TX GOES 
HIGH 


Thermal Shut Down Protection 


On-chip Thermal Shutdown Protection is designed to shutdown 
source drive to the J1850 bus and protect the Bus Transceiver IC 
output. The temperature shutdown threshold is set to protect the 
absolute maximum junction temperature of the chip and is nomi- 
nally set for +160°C with 15°C to 20°C of hysteresis. Thermal 
shutdown may occur when over-load conditions exist on the bus. 
(See Function Blocks - Thermal Shutdown). 


Package Pinout 


BATT Pin 


The BATT pin is connected directly to the vehicle Battery 
(Ignition) line. The Battery supply connection (Vgart) 
provides voltage for all on-chip functions, including the 
voltage reference. As such, the BATT input is designed to 
withstand transient power supply conditions. 


100% = 7.75V 


5.75us 


FIGURE 1. J1850 BUS WAVEFORM 


TRANSMIT 
(TX) 


. 13.75US 


tpTXON 
J1850 | 3.875V 
BUS 50%V LEVEL 
3.875V 
~64US 
_ 0.65US toRxon 
RECEIVE ~64uS 
(RX) 


13.75ys toTXOFF 
~64US 
50%V LEVEL 
pe tpRXOFF 
~64US 


FIGURE 2. PROPAGATION TIME DELAYS 
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TRANSMIT (TX) Pin 


The TRANSMIT pin will accept standard CMOS/TTL logic level 
input data. Logic level data is input at the TRANSMIT (TX) pin in 
a serial format, such as provided by a Harris J1850 PCI Control- 
ler, and is output on the J1850 Bus at the BUS OUT pin. The TX 
input has an active pull down current sink to insure that a logic 
level low will be maintained when no signal drive is present. 


Receive (RX) Pin 


The RX pin is the output for J1850 Bus data and interfaces 
to an open collector transistor output driver. The RX digital 
data output is inverted from the analog bus data input at the 
BUS IN pin. The data from the RX pin is output to a Harris 
HIP7010 Byte Level I/O or a HIP7030A2 Protocol Microcon- 
troller IC where the 10.4Kbps VPWM messages from the 
J1850 network are decoded. 


Ground Pin 


This is the HIP7020 Bus Transceiver IC ground reference for 
all the signals which interface to the control logic and the 
J1850 bus. It is also the ground return path for the BATTERY 
power supply to IC. 


R/F Time Pin 


The R/F (Rise/Fall) Time pin connects the external resistor, 
Rs, from the wave shaped voltage reference to ground. The 
Rise and Fall Time is controlled by the transition slope of the 
signal waveform. The resistor, Rg, sets an internal current 
reference to control the rise and fall slope. 


8 

‘ \ 
‘\ ‘ 
: PCI CONTROLLER 
X & 


> > 9 BWBSBAHSBSVSV_SE_ BWas~ss 


BUS OUT 


BATT 
J1850 BUS 
TRANSCEIVER 
43V 
MOV BUS IN 
M1 
een eee ee pe ee “4 
i J1850 BUS 4 
é 
é 
é 
y 
é 
é 
é 
i 
y - Ces 
é 
é 
é 
é 
é 
4 
4 
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FIGURE 3. TEST/APPLICATION CIRCUIT DIAGRAM 


BUS IN Pin 


The BUS IN pin is the receive input of the SAE J1850 Bus 
signal. It receives the 10.4kKHz VPWM (Variable pulse width 
modulated) data from the single wire analog serial bus 
through an external Resistor, Rr. 


BUS OUTPUT Pin 


The BUS OUTPUT pin transmits the SAE J1850 10.4kHz 
VPWM (Variable Pulse Width Modulated) data to the serial 
bus. Data is transmitted to the serial J1850 bus with the 
same polarity as the TX input signal. 


LB EN Pin 

The LB EN Loop-Back Enable pin controls the Diagnostic 
Loop- Back Mode Switch function. A logic low on the LB EN 
pin connects the output of the Wave Shaped Voltage Refer- 
ence to the Bus Receiver & Voltage Comparator while dis- 
connecting the filtered input of J1850 Bus. This feature 
provides the means to trouble shoot system problems. 


Test/Application Circuit 


The circuit of Figure 3 illustrates the essential elements of 
the J1850 Bus Transceiver in a normal application. For nor- 
mal J1850 applications, a Bus Transceiver is used at each 
system node. The Electrical Specifications Table also refers 
to the peripheral components shown in Figure 3 and the 
Block Diagram for the HIP7020 Bus Transceiver. 


HIP7010 
BYTE LEVEL 


HIP7020 


INTERFACE TRANSCEIVER 


CIRCUIT 


HIP7030A2 
PROTOCOL 
pc 


HIP7030A2 
PROTOCOL K__) 


HIP7020 
BUS 
TRANSCEIVER 


a i 
pe TRANSCEIVER 


FIGURE 4. TYPICAL J1850 SYSTEM CONFIGURATIONS © 
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waa HIP7030A0 


PRELIMINARY J1850 8-Bit 68HC05 Microcontroller 
April 1994 Emulator Version 
Features Description 
e HIP7030A2 Microcontroller Emulation The HIP7030A0 Emulator is functionally equivalent to the 


- All HIP7030A2 Hardware and Software Features HIP7030A2 microcontroller with the addition of external data 
bus, address bus, and control signals which provide off chip 

- Timing and Performance Equivalent to HIP7030A2 —=§ address capability. It is designed to permit prototype and 

© On-Chip Memor pre-production development of systems for mask pro- 
P y grammed applications. The HIP7030A0 is also intended for 


- 176 Bytes of RAM - No ROM construction of development systems for the HIP7030A2. 
e Full 8K Byte Address Space Available Externally 
¢ Non-Multiplexed External Address and Data Lines Ordering Information 


- /O Memory Interface Matches Industry Standard 
EPROM/EEPROMS for True Emulation with Two 
Chips 


¢ FS Line Identifies Fetch Cycles for Breakpoint Logic 
-40°C to +125°C Operating Range 

¢ Single 3.0V to 6.0V Supply 

Available in 68 Lead PLCC Packages 


TEMPERATURE 
PART NUMBER RANGE 


HIP7030A0M -40°C to +125°C 68 Lead Plastic LCC 


Pinout 


HIP7030A0 (PLCC) 
TOP VIEW 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 36 4 5 
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Specifications HIP7030A0 


Absolute Maximum Ratings Thermal Information 

DG Supply Voltage, Von ««<cscccsccssccssvaccacaus -0.5to+7V Thermal Resistance Oya 

Input Voltage, Viy (Note 1)..........-... (Vgg-0.3) to (Vpp+0.3)V Plastic LCC Pacieg@ oso s240ta9 008s eseawiee enemas 55°C/W 

Self-Check Mode (IRQ Pin Only), Vin... (Wgg-0.3) to 2°(Vpp+0.3)V Maximum Package Power Dissipation, Pp at 125°C....... 450mW 

Current Drain Per Pin (Excluding Vpp and Vgs)........--- 25mA Operating Temperature Range............... -40°C to +125°C 
Storage Temperature Range, Tstg.......----- -65°C to +150°C 
Lead Temperature (Soldering 10s) .............2e0e0ee +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Control Timing = Vpp = 5Vpc 10%, Vgg = OVpc, Ta = -40°C to +125°C Unless Otherwise Specified. 


FREQUENCY OF OPERATION 


Crystal Option 


External Clock Option 
INTERNAL OPERATING FREQUENCY 
Crystal (fosc¢ + 2) 


External Clock (fose + 2) 


DC Electrical Specifications = Vpp = 5Vpc 10%, Vg = OVpc, Ta = -40°C to +125°C Unless Otherwise Specified. 


PARAMETER Sywsot | Testconomion | ww | ve | Max | NTS 


Vou Vv 
A0-A12, DBO-DB7, CE, RD, 
Output Low Voltage: Vou 
AO-A12, DBO-DB7, CE, RD, WE, FS 


Input High Voltage: DBO-DB7 


Output High Voltage: 


Capacitance 


es 


NOTES: 


1. This device contains circuitry to protect the inputs against damage due to high static voltages of electric fields; however, it is advised that 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For 
proper operation it is recommended that V\y and Voy be constrained to the range Vsg < (Vin OF Vout) S$ Vop- Reliability of operation is 
enhanced if unused inputs are connected to an appropriate logic voltage level (e.g., either Vsg or Vpp) 


2. Characteristics are listed for the signals unique to the Emulator IC. For details on the other signal pins see the HIP7030A2 data sheet. 
3. Minimum frequency applies when ALC is low. 
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Specifications HIP7030A0 


Read Cycle Timing (ALC = 0) (See Figure 1) Vpp = 5Vp¢ 10%, Vgg = OVpc, Ta = -40°C to +125°C Unless Otherwise Specified. 
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(8) tapipx Data Bus Driven From RD 
(Time to Data Active from High Impedance 
State) 
Data Hold Time After RD 
(Hold Time to High Impedance State) 


NOTE: 
Minimum frequency applies when ALC is low. 


a 
o 
x 
i 


Write Cycle Timing (ALC = 0) (See Figure 2) Vpp = 5Vpc 10%, Vsg = OVpc, Ta = -40°C to +125°C Unless Otherwise Specified. 
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NOTE: 


1. Minimum frequency applies when ALC is low. 
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Specifications HIP7030A0 


Read Cycle Timing (ALC = 1) (See Figure 3) Vpp = 5Vpc +10%, Vsg = OVpc, Ta = ~40°C to +125°C Unless Otherwise Specified. 


[womoen [sewooe [_ranwweren [wm [wax [uno 
a 
A Ce 
a I 


(4) Access Time From OSCB 
(5) Address Setup Time Before OSCB 0.5teyo-25 
(Time to Data Active from High Impedance 


(8) tapLox 
State) 


NOTE: 
1. Minimum frequency applies when ALC is high. 


Data Bus Driven From CE 


Write Cycle Timing (ALC = 1) (See Figure 4) Vpp = 5Vpc¢ +10%, Vgg = OVp¢, Ta = -40°C to +125°C Unless Otherwise Specified. 
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(7) toscpx Data Bus Driven From OSCB 
(Time to Data Active from High Impedance 
State) 


an a OSCB to DS Propagation Delay 


NOTE: 
1. Minimum frequency applies when ALC is high. 
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NOTE: 


Measurement points are Vo,, Von, Vit and Viy. 


1. 


FIGURE 1. READ CYCLE TIMING DIAGRAM (ALC = 0) 
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NOTE: 


Measurement points are Vo,, Von, Vit and Vip. 


1. 


FIGURE 2. WRITE CYCLE TIMING DIAGRAM (ALC = 0) 
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OSCB 
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A0-A12 


DB 


NOTES: 
1. Measurement points are Vo, Von, Vip and Vip. 
2. Timing for FS is identical to RD timing. 


HIP7030A0 
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FIGURE 3. READ CYCLE TIMING DIAGRAM (ALC = 1) 
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NOTES: 
1. Measurement points are Vo,, Vou, Vip and Viy. 
2. Timing for FS is identical to RD timing. 


FIGURE 4. WRITE CYCLE TIMING DIAGRAM (ALC = 1) 
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FIGURE 5. SIGNAL TIMING DIAGRAM (ALC = 1) | 


Functional Pin Description 


This section provides a brief description of each of the pins 
of the HIP7030A0 microcontroller. A more detailed discus- 
sion is contained in the HIP7030A2 data sheet. 


Vpp and Vsg (Power) 


Power is supplied to the MCU using these two pins. Vpp is 
connected to the positive supply and Vgg is connected to the 
negative supply. 


IRQ (Maskable Interrupt Request - Input) 


The IRQ pin is negative edge-sensitive triggering. A high to 
low transition on the input to the IRQ pin will produce an 
interrupt. 


In the event of an interrupt request, the MCU always com- 
pletes the current instruction before it responds to the 
request. An internal mask can be used to inhibit the MCU 
from responding to IRQ interrupts. 


An edge-sensitive IRQ interrupt is generated if the IRQ pin is 
pulled low for at least one ti y4. The occurrence of the low 
going pulse is registered in a flip-flop and the IRQ interrupt 
will be recognized even if the IRQ pin has returned to a high 
state before the interrupt can be serviced. 


Once the edge-sensitive flip-flop is cleared (it is automati- 
cally cleared at the start of the interrupt service routine) the 
interrupt request is removed until the IRQ pin returns to a 
high level and once again goes low. 


RESET (Master Reset - Input) 


The HIP7030A2 contains an integrated Power-On Reset (POR) 
circuit and the RESET input is therefore not required for start- 
up. It can be used to reset the MCU internal state and pro- 
vides for an orderly re-start of the software after initial power- 
up. A low level on the RESET pin will reset the HIP7030A0. 


TCAP (Timer Capture - Input) 


The TCAP input controls the input capture feature for the on- 
chip programmable timer system. The TCAP input is also 
used as the strobe signal to the Port D strobed outputs. 


TCMP (Timer Compare - Output) 


The TCMP pin provides an output for the output compare 
feature of the on-chip timer system. 


OSCIN (Oscillator Input - Input), 
OSCOUT (Oscillator Output - Output), 
OSCB (Oscillator Buffered Output - Output) 


OSCIN is the input and OSCOUT is the output of an inverter/ 
amplifier which can be used to build either a quartz crystal or 
ceramic resonator based clock oscillator. Alternatively the 
OSCIN input can be driven from any external clock source 
which satisfies the CMOS schmitt trigger input level require- 
ments of the OSCIN pin. OSCB is a squared, buffered ver- 
sion of the OSCIN signal, available for driving one external 
CMOS load. See Electrical Specifications of the HIP7030A2 
for output drive and input level specifications. 


The fundamental internal clock is derived by a divide-by-two 
of the external oscillator frequency (fOSC). All other internal 
clocks are also derived from the external frequency. These 
clocks include the input to the 16-bit Timer, the SPI Serial 
Clock (SCK), and the VPW Symbol Encoder/Decoder (SEN- 
DEC). 


PAO-PA7 (Port A - Input/Output) 


These eight I/O lines comprise Port A. The mode (i.e. - input 
or output) of each pin is software programmable. All Port A I/ 
O lines are configured as inputs during power-on or RESET. 
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HIP7030A0 


PDO-PD4 (Port D - Input/Output) 


These five I/O lines comprise Port D. As with PAO-PA7, the 
mode (i.e. - input or output) of each pin is software program- 
mable. In addition a Special Function Register (SFRD) 
allows configuring PDO and PD1 as “strobed” outputs, and/or 
PD2,PD3, and PD4 as inputs to an on-chip analog compara- 
tor. 


All Port D I/O lines are configured as inputs during power-on 
or RESET. 


VPWOUT (Variable Pulse Width Out - Output), 
VPWIN (Variable Pulse Width In - Input) 


These two lines are used to interface to the J1850 bus trans- 
ceiver. 


VPWOUT is the pulse width modulated output of the SEN- 
DEC encoder block. 


VPWIN is the inverted input to the SENDEC decoder block. 


MISO (Master-in/Slave-out - Input/Output), 
MOSI (Master-out/Slave-in - Input/Output), 
SCK (Serial Clock - Input/Output), 

SS (Slave Select - Input) 


These four lines constitute the Serial Peripheral Interface 
(SPI) communications port. The MCU can be configured as 
a SPI “master” or as a SPI “slave”. In master mode MOSI 
and SCK function as outputs and MISO functions as an 
input. In slave mode MOSI and SCK are inputs and MISO is 
an output. SS is always an input. 


Serial data words are transmitted and received over the 
MISO/MOSI lines synchronously with the SCK clock stream. 
The word size is fixed at 8 bits. Single buffering is used 
which results in an inherent inter-byte delay. The master 
device always provides the synchronizing clock. 


A low on the SS line causes the MCU to immediately 
assume the role of slave, regardless of it’s current mode. 
This allows multi-master systems to be constructed with 
appropriate arbitration protocols. 


ALC (Address Latch Control - Input) 


The ALC input controls the timing and function of the 
address and memory control lines (CE, RD, WE, and FS). 
For more information on each of these lines refer to the 
appropriate section. 


When ALC is low the address and control lines are produced 
coincident with data bus transitions of the HIP7030A0's 
machine cycle. This mode allows direct interfacing to indus- 
try standard memory devices. Refer to the timing diagrams 
in Electrical Specifications for more details. 


Driving ALC high causes several changes in the behavior of 
the address and control lines. These changes are intended 
to facilitate design of development systems for the 
HIP7030A2. When ALC is high the following occur: 


e The Internal RAM is disabled and accesses to RAM space 
are mapped off-chip. 


¢ AO-A12, FS, and RD are produced tcyc cycle (i.e. 100ns 
with a 10MHz clock) ahead of data bus transitions of the 
HIP7030A0’s machine cycle. The earlier availability of 
these address and control lines facilitates implementation 
of break detection and bus tracing logic. External latching 
of the address and control signals is required for interfac- 
ing to the memory of the development tool. The timing of 
CE and WE are not affected by ALC, and remain synchro- 
nized with data bus transfers. 


¢ The RD signal is no longer gated with CE and is a full 
cycle wide, when ALC is high. RD indicates whether the 
ensuing data bus cycle will be a read of or write to mem- 
ory-l/O space. It can be viewed as a R/W signal. RD pro- 
vides R/W information for all cycles, internal as well as 
external. 


Resetting the HIP7030A0 with ALC = 1 disables the Slow 
Clock Detect circuits. The Watchdog can be disabled by 
writing to the Watchdog Status Register (WSR - location 
$1E), which has special features when ALC is high. The 
Slow Clock circuit is permanently disabled when ALC = 1. 
If the Slow Clock detect circuitry were allowed to run, stop- 
ping the CPU clock during breakpoint servicing would not 
be possible. The watchdog should be reset by the tool 
while interrogating the CPU. 


The ALC input has an integrated pull-down device which 
allows floating this pin when interfacing to industry standard 
memory devices. 


A0-A12 


Address lines 0 through 12. When ALC = 0, AO-A12 are 
coincident with data bus transfers. When ALC = 1, AO-A12 
change tcyc ahead of the data bus transfers and must be 
externally latched. See the timing diagrams in the Electrical 
Specifications section for more details. 


DBO-DB7 


Bidirectional 8-bit non-multiplexed data bus lines. The data 
bus is an input during all reads from external memory-l/O 
space and during the first toyc of every machine cycle. At all 
other times it is an output. See the timing diagrams in the 
Electrical Specifications section for more details. 


CE (Chip Enable - Output) 


Chip Enable is an output signal used for selecting external 
memory or I/O. A low level indicates when external memory 
or I/O is being accessed. Note that the CE signal will not go 
true when addressing the unused locations of Page 0 I/O 
space even though the address lines will be valid. 


RD (Read - Output) 


RD is a status output signal which indicates direction of data 


flow with respect to external or internal memory space (a low 
level indicates a read from memory space). A read from 
internal memory or I/O will place data on the external data 


9-48 


HIP7030A0 


bus. When ALC = 0, RD is internally gated with CE, and gen- 
erated in synchronization with data bus cycles. With ALC = 
0, standard RAM, ROM, and EPROM devices can be directly 
connected to the HIP7030A0 with no additional components. 
When ALC = 1, RD is not gated by CE and is produced teyc 
cycle (i.e. 100ns with a 10MHz clock) ahead of data bus 
transitions of the HIP7030A0’s machine cycle. 


WE (Write Enable - Output) 


Write Enable is an active low output pulse for use in writing 
data to external RAM memory. A low level indicates valid 
data on the data bus. WE is internally gated with CE for writ- 
ing to external memory. Since, in most systems, external 
memory is substituting for mask programmed ROM, WE is 
frequently not used. 


DS (Data Strobe - Output) 


The Data Strobe output provides a pulse when address and 
data are valid. DS can be used to transfer data to or from a 
peripheral or memory and occurs every cycle and is also 
used for synchronizing development tools to the oscillator 
clock. DS is a continuous signal at fogc + 2, except when the 
Emulator is in the WAIT or STOP mode. See the timing dia- 
grams in the Electrical Specifications section for more 
details. 


FS (Fetch Status - Output) 


The FS output signal goes true to indicate an opcode fetch 
cycle is in progress. When ALC = 0, FS will be coincident 
with the data transfer of the fetch. When ALC = 1, FS is pro- 
duced tcyc cycle (i.e. 100ns with a 10MHz clock) ahead of 
data bus transitions of the HIP7030A0’s machine cycle. See 
the timing diagrams in the Electrical Specifications section 
for more details. 


Watchdog Status Register 


When ALC is high, the HIP7030A0’s Watchdog Status Reg- 
ister (WSR - location $1E) provides the ability to selectively 
enable and disable the Watchdog Timer logic of the 
HIP7030A0. 


The user of a development tool should be cautioned against 
accidently clearing the WDE bit of this register during final 
code prove-out. During initial code development the user 


may want to intentionally clear this bit to eliminate the need 
to insert watchdog handling routines. The clearing of the bit 
must be done following every reset. 


Reset presets the WDE bit of the WSR to enable the Watch- 
dog Timer. 


SARS EASE ER EEX 
prs [ss | = | [eee poe) 
WATCHDOG STATUS REGISTER 


Bit 7,6,5,4,3,2 - Unused 
Bit 1 - WDE 


When WDE (WatchDog Enable) is low, the Watchdog Timer is 
disabled. When ALC is high, WDE is forced high by any reset. 
The WDE bit should normally be cleared when servicing a 
breakpoint (if OSCIN is being clocked), to avoid a Watchdog 
Reset while interrogating the CPU. 


The WDE bit controls the Watchdog Reset, but it doesn’t 
inhibit the Watchdog Timer from advancing. Prior to re- 
enabling the WDE bit, the Watchdog Timer should normally 
be reset by writing $55, $AA to the Watchdog Reset Register 
(WDRR, location $1D). This implies that each breakpoint 
should generate a Watchdog Reset. To verify proper watch- 
dog action the user should run final code with no breaks. In 
some cases the number of CPU cycles utilized in the break 
may be low enough to allow the watchdog to run without caus- 
ing premature watchdog timeouts. 


Bit 0 - WDF 


The WatchDog flag (WDF), is set when a Watchdog timeout 
causes a COP Reset. This flag is used to distinguish a Slow 
Clock Detect from a Watchdog Timeout in the COP Reset ser- 
vice routine. 


Writing a 0 to the Watchdog Reset Register (WDRR, location 
$1D) clears the WDF flag. WDF is cleared by Power-on 
Reset, but unaffected by all other types of resets. For this rea- 
son, WDF should normally be cleared (by writing a O to the 
WDRR) following each read of the WSR. 
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HIP7030A2 


J1850 8-Bit 68HC05 Microcontroller 


Features 
Fully Supports VPW Specifications of SAE Recom- 
mended Practice J1850 for Class B Multiplexed Wiring 
On-Chip Memory 
176 Bytes of RAM 
2110 Bytes of User ROM 
13 Bidirectional VO Lines 
16-Bit Timer with Capture and Compare Registers 
Serial Peripheral Interface (SPI) System 
Watchdog Timer and Slow Clock Detect 


10MHz Operating Frequency (5.0MHz Internal Bus 
Frequency) at 5V 


Built-In-Test Bootstrap Mode with 242 Bytes of ROM 
Two Channel Analog Comparator 

On-Chip Oscillator Amplifier 

8-Bit CPU Architecture 

Power-Saving STOP, WAIT and Data Retention Modes 
Full -40°C to +125°C Operating Range 

Single 3.0V to 6.0V Supply 

28 Lead Dual-in-Line and Small Outline Plastic Packages 


Software Features 


Standard 68HC05 Instruction Set 

True Bit Manipulation 

Addressing Modes Include Indexed Addressing 
Memory Mapped V/O 


Pinout 


Description 


The HIP7030A2 HCMOS Microcomputer is a member of the 
CDP68HC05 family of low-cost single-chip microcomputers. 
The integrated hardware functions provide the system 
designer with a complete set of building blocks for 
implementing a “Class B” multiplexed communications net- 
work interface, which fully conforms to the VPW Multiplexed 
Wiring protocol specified in SAE Recommended Practice 
J1850. This 8-bit microcomputer unit (MCU) contains an on- 
chip oscillator, CPU, 176 bytes of RAM, 2110 bytes of user 
ROM, 13 I/O lines, a J1850 Variable Pulse Width Symbol 
Encoder/Decoder (VPW SENDEC) system, a Serial Periph- 
eral Interface (SPI) system, a two channel analog Compara- 
tor, a Watchdog Timer, a Slow Clock Detect, and a 16-bit 
Timer. The static HCMOS design allows operation at input 
frequencies up to 10MHz (5MHz internal clock). 


Ordering Information 
ie [SRE Tes 
NUMBER RANGE 


HIP7030A2 (PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HIP7030A2 


Absolute Maximum Ratings 


SUDPIY VONEGG (Von) «s00s cevteas denen nies eouas -0.3V to +7.0V 
Input or Output Voltage 

PINS WIN Ving Di0de a cisccaes cea cececews ie -0.3V to Vpp+0.3V 

PINS WN Ving Ol00G c+ a.0's xen creer aeses ns -0.3V to +10V 
Current Drain Per Pin, | (Excluding Vpp and Vgg) .......-- 25mA 
Lead Temperature (Soldering 10s) ............2.e0005 +265°C 
Bo CSSCHUON cccxascsactews ev erwanadcwaw nes ene Class 2 
Gate COU: osu 5 eacwen ns 454658 06s eee e dee ceewns 9000 Gates 


Thermal Information 


Thermal Resistance Oya 
Plastic DIP Package .....0cccsvescsosaasoasess cs 60°C/W 
Plastic SOIC PACkAGS 0.6. .nccrcsncwnerensvetenens 75°C/W 

Maximum Package Power Dissipation at +125°C 
PP Pah acs vice soc cudesnperecnetedsverexsan 415mW 
SOW PRCKAGGs cect eciccsnnsnd comnenee seas conus 325mW 

Operating Temperature Range (Ta)............. -40°C to +125°C 

Storage Temperature Range (Tstg) .......-.--- -65°C to +150°C 

Junction Teviperalne occ0 sues evs asassndesar dances +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.......... eee eee eee +3.0V to +5.5V 
Operating Temperature Range................ -40°C to +125°C 
Input LOW VONAGG.. os .cecedcccnsaenavacenacanen OV to +0.8V 


Input High Voltage: ..0scecc vsccenecnssseisss (0.8°Vpp) to Vop 
Input Rise and Fall Time 
CMOS itSisicccacsecéocacsgecwseewssanaaivs 100ns Max. 
CMOS Schill WOU .c0ccca dws cecakcneteoesuns Unlimited 


DC Electrical Specifications = Vpp = 5Vpc 10%, Vsg = OVpc, Ta = -40°C to +125°C Unless Otherwise Specified. 


Output Voltage Vo. 


Output Low Voltage Voi 


Input High Voltage: PAO-7, PDO-4, VPWIN, Vin 
MISO, MOSI, SS, SCK 
Input High Voltage: RESET, IRO,TCAP, OSCIN 


Input Low Voltage: PAO-7, PDO-4, VPWIN, Vie 
MISO, MOSI, SS, SCK 


Supply Current 
RUN 


I/O Ports Hi-Z Leakage Current: PAO-7, PDO-4, Ne 
MISO, MOSI, SCK 


Capacitance: (Note 2) 


Powerdown Input Voltage: RESET, IRQ, 
VPWIN, OSCIN 


[___paraweren | svwaor [ cowomons [wn [ re | wax | unre 


lLoap < +10pA 


Output High Voltage: PAO-7, PDO-4, VPWOUT, oap = -0.8MA 
TCMP 
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Specifications HIP7030A2 


DC Electrical Specifications = Vpp = 5Vp¢ 10%, Vg = OVpc, Ta = -40°C to +125°C Unless Otherwise Specified. (Continued) 


[PARAMETER =| SvmBoL | conpiTions | min | typ | Max _| UNITS | 
Comparator: 
Vin Vgs-0.2 Vpp + 0.02 V 
ee ee ee ce 


Input Voltage: Vo, V3, Vrer 
Va. Va, Vrer 

p More fo | 

ee eee ee ee 

NOTES: 


1. This device contains circuitry to protect the inputs against damage due to high static voltages of electric fields; however, it is advised that 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For 
proper operation it is recommended that Vjy and Voyr be constrained to the range Vss<(Viy OF Vout)<Vpp. Reliability of operation is 
enhanced if unused inputs except OSC2 are connected to an appropriate logic voltage level (e.g., either Vsg Or Vpp), 


2. Includes Ports used as Input/Output Pins, Ports used as Input only Pins; Ports used as Output only Pins. 


Input Current: 


Offset Voltage 


Control Timing Vp = 5Vpc¢ +10%, Vsg = OVpe, Ta = 40°C to +125°C Unless Otherwise Specified. 


[___raraweren | syweor | conomiows [wn | ve | wax | unre 


Frequency Of Operation 
Crystal Option 


External Clock Option 


Internal Operating Frequency 
Crystal (fosc¢ + 2) 


External Clock (fosgc + 2) 


Stop Recovery Start-up Time (AT-cut Crystal 
Oscillator) 


Timer 
Resolution (Note 1) 


1. Since a 2-bit prescaler in the timer must count four internal cycles (tcy¢), this is the limiting minimum factor in determining the timer resolution. 


2. The minimum period ty_7_ should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 
24 toye. 
3. The minimum period t,;, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 toyc. 
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Specifications HIP7030A2 


Serial Peripheral Interface (SPI) Timing (See Figure 3) Vpp = 5Vpc 10%, Vsg = OVpc, Ta = -40°C to +125°C 
Unless Otherwise Specified. 


NuMBER [PARAMETER | Spon | MIN, | MAX | UNITS 


Operating Frequency 
Master fop (Note 3) 


| fos) | OC | 5 | Me 
1 Cycle Time 


Master teyc() tere 


2 Enable Lead Time 
Master tLEAD(M) 


ee 
pts 
3 Enable Lag Time 
Master tLac(m) (Note 1) 
ae ae 


| tac) | TBO 
4 Clock (SCK) High Time 


TBD 
Master tw(SCKH)M TBD 


& Clock (SCK) Low Time 
Master tW(SCKL)M 


6 Data Setup Time (Inputs) 
Master 


7 Data Hold Time (Inputs) 
Master 


8 Access Time (Time to Data Active from High Impedance State) 
Slave TBD 
9 


Disable Time (Hold Time to High Impedance State) oe tw ee te | 
Slave 


10 Data Valid Time 
Master (Before Capture Edge) 


Slave (After Enable Edge) (Note 2) 


11 Data Hold Time (Outputs) 
Master (After Capture Edge) 


Slave (After Enable Edge) 

12 Rise Time (Vpp = 20% to 70%, C, = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, SS) 


13 Fall Time (Vpp = 20% to 70%, C, = 200pF) 
SPI Outputs (SCK, MOSI, MISO) 


SPI Inputs (SCK, MOSI,MISO, SS) 


NOTES: 
1. Signal Production depends on software. 
2. Assumes 200pF load on all SPI pins. 


3. Note that the units this specification uses is fop (internal operating frequency), not MHz! In the master mode the SPI bus is capable of 
running at one-half of the devices’s internal operating frequency, therefore 2.5MHz maximum. 
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Control Timing Diagrams 


(NOTE Uf VV]TEHHTTT7Z7?T7TTHZ~7z#7WVX7ZZZ7Z?]VT#@ MMM 
RESET - 
iRQ 
(NOTE 2) 
_ tiLcH 4064 tcyc 
IRQ 
(NOTE 3) 
INTERNAL 
CLOCK 
INTERNAL 
ADDRESS 
BUS 
1. Represents the internal gating of the OSC1 pin. 1FFE 
2. IRQ pin edge-sensitive mask option. RESET OR INTERRUPT 
3. IRQ pin level and edge-sensitive mask option. VECTOR FETCH 
4. CDP68HC05C4 RESET vector address shown for timing example 
FIGURE 1. STOP RECOVERY TIMING DIAGRAM 
tTLTL tre 
tTH 
EXTERNAL 
(TCAP PIN 37) 


FIGURE 2. TIMER RELATIONSHIPS 


” 
e e s a s ‘aad 
Serial Peripheral Interface (SPI) Timing Diagrams <5 
O 
HELD HIGH ON MASTER a & 
SS (INPUT) F o 
>= 
(1) — 
Oo 
(12) O 
SCK (INPUT) 
MISO (OUTPUT) 


FIGURE 3A. SPI MASTER TIMING CPOL = 0, CPHA =1 
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SS (INPUT) 


SCK (INPUT) 


MISO (OUTPUT) 


MOSI (INPUT) 


SS (INPUT) 


SCK (INPUT) 


MISO (OUTPUT) 


MOSI (INPUT) 


SS (INPUT) 


SCK (INPUT) 


MISiO (OUTPUT) 


MOSI (INPUT) 


HIP7030A2 


HELD HIGH ON MASTER 
(1) 
(13) 
Licncececies - 
(5) (4) 


\/ 


S25 


= EK 


NOTE: Measurement points are Vo,, Vou, Vir and Viy 
FIGURE 3B. SPI MASTER TIMING CPOL = 1, CPHA = 1 


HELD HIGH ON MASTER 


(1) 
(12) 


0,020.0 201 020202010 00000,” 


FIGURE 3C. SPI MASTER TIMING CPOL = 0, CPHA = 0 


HELD HIGH ON MASTER 


(12) 


SOOOOIOOIOIOIOIOIOIT 
ose 


O) iJ 
ererererereeee eee, 


NOTE: Measurement points are Vo,, Vox, Vir and Viy 


FIGURE 3D. SPI MASTER TIMING CPOL = 1, CPHA =0 
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SS (INPUT) 
(2) (4) (1) (3) 
ana | aeeaa de 12 
SCK (INPUT) 7 
BIT 
TRANSMITTED 
HIGH 
wsocourem AK [Two | Me | Ke | OS 
(8) | (10) (11) (9) 
eececeeetatetotetetctetetet 
uosnoun See [| oom Xx 
(7) 
FIGURE 3E. SPI SLAVE TIMING CPOL = 0, CPHA = 1 
SS (INPUT) 
(3) 
if) oe 
SCK (INPUT) 
wiso ouTPuT Kx ve | 


55252505555. B55 52525050 
eveteteterere eer eee ees Aaererererererets 
ereretetererereerereeeee: F555 05.05 
erererererereteeeeeee eroveretetetetete 
POSS KINI IS SRI III 
CNC NOOOOC OOS 52505050505: 


NOTE: Measurement points are Vo., Von, Vi, and Vin 


FIGURE 3F. SPI SLAVE TIMING CPOL = 1, CPHA = 1 
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<5 
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a ao = 
ss i O 
= 
a e 
(INPUT) as 
a 
O 
oO 
SCK 


LAA AA AAA AAAAAASASAS SY PALS SoS fod fob 
Oooo OOOO OOS: Aerrcrererererererereeeteteee”. 
552555 5255525252525 25 05.05.5255 5.5505 
SOOO OOOONOOONS, orererererererereereeeeees 
SSSR Hererererererereteteteretetereterets 
eter eres Parerererererererorerere eee 
ererereretele eee eee ee Oree 525.255.255.555 555050520505 
weretereteteterer ner erent “everetateretetetetereteteterererete 
5555550 verereretetetetteteteeteeee® 


FIGURE 3G. SPI SLAVE TIMING CPOL = 0, CPHA = 0 
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(INPUT) 


SCK 
(INPUT) 


MIS‘D 
(OUTPUT) 
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MOS 
(INPUT) 
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NOTE: Measurement points are Vo,, Von, Vir and Viy 


FIGURE 3H. SPI SLAVE TIMING CPOL = 1, CPHA =0 
FIGURE 3. 


Functional Pin Description 


This section provides a description of each of the 28 pins of 
the HIP7030A2 MCU. 


Vpp and Vsgs (Power) 


Power is supplied to the MCU using these two pins. Vpp is 
connected to the positive supply and Vgzg is connected to the 
negative supply. 


IRQ (Maskable Interrupt Request - Input) 


The IRQ pin is negative edge-sensitive triggering. A high to 
low transition on the IRQ pin will produce an interrupt. 


In the event of an interrupt request, the MCU always com- 
pletes the current instruction before it responds to the 
request. An internal mask can be used to inhibit the MCU 
from responding to IRQ interrupts. 


An IRQ interrupt is generated if the IRQ pin is pulled low for 
at least one ti.jy. The occurrence of the low going pulse is 
registered in a flip-flop and the IRQ interrupt will be recog- 
nized even if the IRQ pin has returned to a high state before 
the interrupt can be serviced. 


Once the edge-sensitive flip-flop is cleared (it is automati- 
cally cleared at the start of the interrupt_service routine) the 
interrupt request is removed until the IRQ pin returns to a 
high leve. and once again goes low. 


See INTERRUPTS for more details concerning IRQ inter- 
rupts. 


RESET (\Master Reset - Input) 


The HIP7030A2 contains an integrated Power-On Reset 
(POR) circuit and the RESET input is therefore not required 
for start-up. It can be used to reset the MCU internal state 


and provides for an orderly re-start of the software after 
initial power-up. Refer to RESETS for a detailed description 
of POR and RESET. 


TCAP (Timer Capture - Input) 


The TCAP input controls the input capture feature for the on- 
chip programmable timer system. The TCAP input is also 
used as the strobe signal to the Port D strobed outputs. 
Refer to Input Capture Register and PDO, PD1 Strobed Out- 
put Mode for additional information. 


TCMP (Timer Compare - Output) 


The TCMP pin provides an output for the output compare 
feature of the on-chip timer system. Refer to Output Com- 
pare Register tor additional information. 


OSCIN (Oscillator Input - Input), 
OSCOUT (Oscillator Output - Output), 
OSCB (Oscillator Buffered Output - Output) 


OSCIN is the input and OSCOUT is the output of an inverter/ 
amplifier which can be used to build either a quartz crystal or 
ceramic resonator based clock oscillator. Alternatively the 
OSCIN input can be driven from any external clock source 
which satisfies the CMOS schmitt trigger input level require- 
ments of the OSCIN pin. See Electrical Specifications for 
input level specification. 


OSCB is a squared, buffered version of the OSCIN signal, 
available for driving one external CMOS load. 


The fundamental internal clock is derived by a divide-by-two 
of the external oscillator frequency (fogc). All other internal 
clocks are also derived from the external frequency. These 
clocks include the input to the 16-bit Timer, the Serial Clock 
(SCK), and the VPW Symbol Encoder/Decoder (SENDEC). 
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Quartz Crystal 


The circuit shown in Figure 4A is recommended when using 
a quartz crystal. The internal oscillator is designed to inter- 
face with an AT-cut parallel resonant quartz crystal in the fre- 
quency range specified for fos¢ in Electrical Specifications. 
Figure 4B lists the recommended capacitance and feedback 
resistance values. Use of an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges are 
to be used. The crystal and components should be mounted 
as close as possible to the OSCIN and OSCOUT pins to 
minimize output distortion and start-up stabilization time. 


Ceramic Resonator 


A ceramic resonator may be used in place of the crystal in 
cost sensitive applications. The circuit in Figure 4A is recom- 
mended when using a ceramic resonator. Figure 4C lists the 
recommended capacitance and feedback resistance values. 
The manufacturer of the particular ceramic resonator being 
considered should be consulted for specific information. 


External Clock 


If an external clock is used, it should be applied to the 
OSCIN input with the OSCOUT output not connected, as 
shown in Figure 4E. The toxoy OF ti._cH specifications do not 
apply when using an external clock input. The equivalent 
specification of the external clock source should be used in 


lieu Of toxoy OF tiLcH: 


MCU 
OSCOUT 


OSCIN 


Cc 
Cin baie ha OUT 


FIGURE 4A. CRYSTAL/RESONATOR CIRCUIT CONNECTIONS 


Court 


FIGURE 4B. QUARTZ CRYSTAL PARAMETERS 


a a 


is applied to the HIP7030A2, the OSCIN, IRQ, 
PWIN pins can have up to 9VDC applied with no 


1. When no power 
RESET, and 
side effects. 


2. When power is applied to the HIP7030A2, it is recommended that 
all unused inputs, except Port A and Port D I/O lines configured 
as outputs, be tied to an appropriate logic level (i.e. - either Vop 
or Vgs). 


FIGURE 4C. CERAMIC RESONATOR PARAMETERS 


L Ci Rs 
Co 
| 0 -_——__—_— 
FIGURE 4D. CRYSTAL/RESONATOR EQUIVALENT CIRCUIT 


MCU 


OSCIN OSCOUT 


UNCONNECTED 
EXTERNAL CLOCK 


FIGURE 4E. EXTERNAL CLOCK SOURCE CONNECTIONS 
FIGURE 4. 
PAO-PA7 (Port A - Input/Output) 


These eight I/O lines comprise Port A. The mode (i.e. - input 
or output) of each pin is software programmable. All Port A I/ 
Os are configured as inputs during a POR, COP or external 
reset. Refer to Port A under Port A and D I/O Lines for a 
detailed description of programming the Port A I/O lines. 


PDO-PD4 (Port D - Input/Output) 


These five !/O lines comprise Port D. As with PAO-PA7, the 
mode (i.e. - input or output) of each pin is software programma- 
ble. In addition a Special Function Register (SFRD) allows con- 
figuring PDO and PD1 as “strobed” outputs, and/or PD2,PD3, 
and PD4 as inputs to an on-chip analog comparator. 
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All Port D I/Os are configured as inputs during a POR, COP, 
or external reset. Refer to PDO-PD4 Special Function I/O 
Lines urder Port A and D I/O Lines for a detailed description 
of programming the Port D I/O lines. 


VPWOUT (Variable Pulse Width Out - Output), 
VPWIN (Variable Pulse Width In - Input) 


These two lines are used to interface to the J1850 bus trans- 
ceiver. 


VPWOUT is the pulse width modulated output of the SEN- 
DEC encoder block. 


VPWIN is the inverted input to the SENDEC decoder block. 


See VFW Symbol Encoder/Decoder (SENDEC) for a 
detailed description of the J1850 interface pins. 


MISO (Master-in/Slave-out - Input/Output), 
MOSI (Master-out/Slave-in - Input/Output), 
SCK (Serial Clock - Input/Output), 

SS (Slave Select - Input) 


These four lines constitute the Serial Peripheral Interface 
(SPI) communications port. The MCU can be configured as 
a SPI “master” or as a SPI “slave”. In master mode MOSI 
and SCIK function as outputs and MISO functions as an 
input. In slave mode MOSI and SCK are inputs and MISO is 
an output. SS is always an input. 


Serial data words are transmitted and received over the 
MISO/MOSI lines synchronously with the SCK clock stream. 
The word size is fixed at 8-bits. Single buffering is used 
which results in an inherent inter-byte delay. The master 
device always provides the synchronizing clock. 


A low on the SS line causes the MCU to immediately 
assume the role of slave, regardless of it’s current mode. 
This allows multi-master systems to be constructed with 
appropriate arbitration protocols. 


See the detailed discussion of the SPI interface under Serial 
Peripheral Interface (SPI). 


Integrated Hardware I/O Functions 
PORTA 


Each of the Parallel Port pins of Port A may be individually 
programined as an input or an output under software control. 
The direction of each pin is determined by the state of the 
corresponding bit in the Port A Data Direction Register 
(DDRA, location $04). 


PORT DATA 
PORT DFIR 


INT=RNAL LOGIC 
Py 


FIGURE 5A. PORT A VO PAD CIRCUITRY 


” 

z 

5 

Lda 

oO 

Ww 

z 

re) LATCHED OUTPUT (i 

© OUTPUT 

z DATA BIT 

> 4 

Fa il 

E INPUT REG BIT ‘4 

~ INPUT VO 
FIGURE 5B. PORT A FUNCTIONAL BLOCK DIAGRAM 


FIGURE 5. 


T7TeyT*]*]s]*]7]0 
[oar [ pas | bas | baa | 0a | 0x2 | oat | Dad 


PORT A DATA DIRECTION REGISTER (DDRA, LOCATION $04) 


Any Port A pin is configured as an output if its corresponding 
DDR bit is set to a logic one. A pin is configured as an input if 
its corresponding DDR bit is cleared to a logic zero. Any 
reset will clear all DDR bits, which configures all Port A and 
D pins as inputs. The data direction register is capable of 
being written to or read by the processor. Refer to Figure 5 
and Table 1. 


T7T*[s]*]s=]*]7]0 
PORT A DATA REGISTER (PORTA, LOCATION $00) 


PortA is an 8-bit wide read-write data register. Regardless of 
the state of the DDRA bits, all Port A data latches are modi- 
fied with each write to PortA. When PortA is read, the value 
read for bits programmed as outputs, is the contents of the 
data latch not the pin. The value read for bits programmed 
as inputs is the value on the pin. 


TABLE 1. PORT A TRUTH TABLE 


R/W 
(NOTE 1) VO PIN FUNCTION 
The I/O pin is in input mode. 
Data is written into the output data latch 
W Data is written into the output data latch 
and simultaneously output to the I/O pin. 
| oR | Oo | The state of the I/O pin is read. 
The I/O pin is in output mode. 
The output data latch is read. 
NOTE: 


1. R/W is an internal signal which equals R when reading the Port 
Data Register and equals W when writing the Port Data Register 


PDO-PD4 SPECIAL FUNCTION VO LINES 


These five lines comprise Port D. The five lines can be indi- 
vidually programmed to provide input or output capabilities 
similar to the eight Port A lines. Additionally, each of the lines 
can be programmed to provide special capabilities, beyond 
the standard digital input and output functions. The PDO- 
PD4 I/O lines are controlled via three read/write registers. 


7 TsTe[*[s]2]7] 01 


PORT D DATA DIRECTION REGISTER (DDRD, LOCATION $07) 
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DDRD contains five data direction bits, DDO-DD4, which 
control whether the associated I/O line behaves as an Input 
or as an Output. Setting a data direction bit causes the 
related I/O line to be configured as an output, while clearing 
the bit causes the line to be configured as an input. When 
configured as an output, the I/O line is actively driven by the 
HIP7030A2. When configured as an input, the I/O line 
appears as a high impedance input and should be driven by 
external circuitry. 


DDRD bits DO-D4 are cleared by RESET. 


7] 6 | 5 | 4+} at2tifo | 
|omps | cmp2 | 0 | D4 | 03 | 2 | 01 | bo 
PORT D DATA REGISTER (PORTD, LOCATION $03) 


PortD is an 8-bit wide register with 5 read/write data bits and 
2 read-only bits. When writing to PortD, bits 5-7 are ignored. 
All other bits (DO-D4) are stored in latches until they are 
explicitly modified with a subsequent write (or read-modify- 
write) instruction. The utilization of bits DO-D4 is dependent 
on the value in the associated DDRD bit. If a line is pro- 
grammed as an input, the value read in PortD (DO-D4) is the 
logic level present on the external I/O line. If a line is pro- 
grammed as an output, the value read in PortD (DO-D4) is 
the value last written to the same bit in PortD and that value 
is forced onto the corresponding I/O line. The PortD CMP2 
and CMP3 read-only input bits indicate the results of the last 
analog comparisons (see PD2, PD3, PD4 Analog Compara- 
tor Inputs for details on CMP2 and CMP%3). PortD bit 5 is 
always read as a O. 


PortD is not affected by RESET. 


7T*]s ]*]s]*]71]0_ 
To [0 [owe [0 [0 [0 | sret | sre0 | 
PORT D SPECIAL FUNCTION REGISTER (SFRD, LOCATION $08) 


SFRD is an 8 bit wide register with 3 read/write control bits. 
The Strobe Enable 0 and 1 bits (STEO and STE1) and used 
to configure PDO and PD1 as strobed outputs. STEO and 
STE1 only affect PDO and PD1 when they are programmed 
as Outputs by setting the corresponding bits in DDRD. See 
PDO, PD1 Strobed Outputs for a detailed explanation. The 
Comparator Enable bit (CMPE) controls the HIP7030A2’s 
auto-zeroing, analog comparator (see PD2, PD3, PD4 Ana- 
log Comparator Inputs for details on CMPE). SFRD bits 2, 3, 
4,6 and7 are always read as a 0. 


SFRD bit CMPE, is cleared by RESET. All other SFRD bits 
are unaffected by RESET. 


PDO, PD1 Strobed Output Mode 


(DDO/DD1) is set, setting the STEO/1 bit configures the PDO/ 
1 output in strobed mode. Clearing the STEO/1 bit causes 
the PDO/1 output to function identically to a PortA line in out- 
put mode. If the DDRD direction bit is clear, the associated 
line functions as an input and the state of the STE bit has no 
effect. When programmed as strobed outputs, data written to 
Port D Data Register bits O and 1 will appear on the external 
PDO and PD1 pins synchronously with a low to high transi- 


tion on the TCAP pin. This same transition on TCAP can be 
programmed to generate an interrupt to the processor. See 
Programmable Timer for details on using the interrupt capa- 
bilities of the TCAP pin. The strobed output mode of PDO 
and PD1, coupled with the interrupt capability of TCAP, pro- 
vides a mechanism for synchronously passing two bits of 
data between the HIP7030A2 and an external, asynchro- 
nous device. 


LATCHED 
OUTPUT 
DATA BIT 


STROBED 
OUTPUT 
FLIP-FLOP 


J 


INPUT REG BIT 


INTERNAL CONNECTIONS 


TCAP 


INPUT VO 


FIGURE 6. STROBED OUTPUT BLOCK DIAGRAM (PDO, PD 


STEO and STE1 are not affected by RESET. 
TABLE 2. PORT D STROBED OUTPUTS TRUTH TABLE 


R/W 
(NOTE 1) STE VO PIN FUNCTION 

W X |The I/O pin is in input mode. 
Data is written into the output data latch. 

W Data is written into the output data latch 
and simultaneously output to the I/O pin. 

W Data is written into the output data latch 
and transferred to the I/O pin on the 
next TCAP low to high transition. 


| R | o | X | The state of the I/O pin is read. 
The I/O pin is in standard output mode. 
The output data latch is read. 
The I/O pin is in strobed output mode. 
The output data latch is read. 


NOTE: 


1. R/W is an internal signal which equals R when reading the Port 
Data Register and equals W when writing the Port Data Register 


PD2, PD3, PD4 Analog Comparator Input Mode 


When the CMPE bit is low in SFRD PD2, PD3, and PD4 
behave as standard bidirectional I/O pins. Each of these 
three pins can be programmed as an input pin by setting the 
associated DDR bit low. Setting the DDR bit high configures 
the pin as an output. When CMPE is set high the three pins 
are connected to the appropriate comparator inputs and the 
contents of the DDRD doesn’t affect comparator operation. 
While it is possible to perform comparisons of the pins when 
they are in the output mode (DDR bits are set high) the com- 
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parator result of comparing two equal digital values is not 
predictalsle. The comparator is intended for comparing ana- 
log inpui values, in which case the DDR bits must be set low 
to configure the pins as inputs. When CMPE is high, all of 
the associated PortD digital inputs (bits D4, D3, and D2 of 
PortD) are forced to 0, to conserve power. 


Vop 


DATA BIT : 
DRR BIT 


DATA BIT 
DRR BIT 


INTERNAL LOGIC 


FIGURE 7. ANALOG INPUT I/O PINS 


The circuitry of the clocked comparator consists of a differ- 
ential amplifier with requisite current sources, auto-zero stor- 
age elements, and multiplexing switches. It is convenient to 
view it as a conventional differential comparator to which 
PD4 is connected as a “reference” at the negative input and 
PD2 and PD3 are connected via a multiplexer at the positive 
input. Tre comparator is enabled be setting the CMPE bit 
(bit 5) of SFRD and disabled by clearing CMPE. To conserve 
power the comparator should be disabled when not in use. 
RESET clears the CMPE bit. The three analog inputs func- 
tion properly with inputs from -0.3V to Vpp +0.3V. 


In order to use the comparator, PD4 and either (or both) PD2 
or(and) F’D3 should be selected as inputs via the DD2, DD3, 
and DD4 bits in DDRD. The results of the last comparison 
are available each time the PortD register is read. The CMP2 
bit of PotD is set if PD2 was greater than PD4 during the 
last comparison and cleared otherwise. Similarly, the CMP3 
bit of PotD is set if PD3 was greater than PD4 during the 
last comparison and cleared otherwise. CMP2 and CMP3 
are not affected by RESET. 


The HIP’7030A2 includes a hardware sequencer to control 
the auto-zero function and input multiplexer of the compara- 
tor. Each complete compare cycle consists of a series of: 


1. Auto Zero 
2. Cornpare V2, write results to CMP2 
3. Auto Zero 
4. Compare V3, write results to CMP3 


The hardware sequencer is enabled via the CMPE bit. Once 
enabled the compare cycling is performed continuously at a 
1MHz step rate until CMPE is set low. A complete cycle 
takes 4us. It follows that, at any given time, the results read 
in CMP2 or CMP3 of the PortD Data Register can be, at 
most,4us old. 


The auto-zero operation involves charging a pair of bias 
capacitors. The charging time depends on the source imped- 
ance of the analog inputs, the relative voltages of V2 and V3, 
and the slew rate of all three input voltages. Incomplete 
charging of the capacitors will affect the accuracy of the 
comparator. The comparator is intended to perform favorably 
with input impedances up to 10kQ and moderate slew rates. 


J1850 BUS INTERFACE 


The VPW Symbol Encoder/Decoder (SENDEC) block pro- 
vides the designed with all the features needed to send and 
received properly timed messages on a J1850 Class B Multi- 
plexed Bus. Refer to VPW Symbol Encoder/Decoder (SEN- 
DEC) for detailed documentation on the use of the SENDEC. 


16-BIT TIMER 


The integrated 16-bit Timer includes both capture and com- 
pare features. External events can be timed, pulses gener- 
ated, and periodic interrupts programmed. A sophisticated 
set of control and status registers allows interrupt or polled 
operation. For a detailed guide to the operation of the Timer 
refer to Programmable Timer. 


SERIAL PERIPHERAL INTERFACE(SPI) 


The serial peripheral interface (SPI) is a synchronous serial 
interface with separate input, output, and clock lines. The 
SPI uses the MISO (serial data input/output), MOSI (serial 
data output/input), SCK (serial clock), and SS (slave select) 
pins. Refer to Seria! Peripheral Interface for a detailed dis- 
cussion of the SPI system. 


Memory Organization 


The HIP7030A2 MCU is capable of addressing 8192 bytes 
of memory and I/O registers with its program counter. The 
MCU has implemented 2520 bytes of these locations as 
shown in Figure 8. The first 256 bytes of memory (page 
zero) include: 24 bytes of I/O features such as data ports, 
the port DDRs, Timer, serial peripheral interface (SPI), and 
J1850 VPW Registers; 48 bytes of user ROM, and 176 bytes 
of RAM. The next 2048 bytes complete the user ROM. The 
Built-In-Test ROM (228 bytes) and Built-In-Test vectors (14 
bytes) are contained in memory locations $1FOO through 
$1FF1. The 14 highest address bytes contain the user 
defined reset and the interrupt vectors. Eight bytes of the 
lowest 32 memory locations are unused and the 176 bytes 
of user RAM include up to 64 bytes for the stack. Since most 
programs use only a small part of the’ allocated stack loca- 
tions for interrupts and/or subroutine stacking purposes, the 
unused bytes are usable for program data storage. 


CPU Registers 


The CPU contains five registers, as shown in the program- 
ming model of Figure 9. The interrupt stacking order is 
shown in Figure 10. 


ACCUMULATOR (A) 


The accumulator is an 8-Bit general purpose register used to 
hold operands, results of the arithmetic calculations, and 
data manipulations. 
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INDEX REGISTER (X) 


The X register is an 8-bit register which is used during the 
indexed modes of addressing. It provides an 8-bit value 
which is used to create an effective address. The index reg- 
ister is also used for data manipulations with the read-mod- 
ify-write type of instructions and as a temporary storage 
register when not performing addressing operations. 


PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains the 
address of the next instruction to be executed by the processor. 


STACK POINTER (SP) 


The stack pointer is a 13-bit register containing the address 
of the next free locations on the pushdown/popup stack. 
When accessing memory, the most significant bits are per- 
manently configured to 0000011. These bits are appended 
to the six least significant register bits to produce an address 
within the range of $00FF to $00CO. The stack area of RAM 
is used to store the return address on subroutine calls and 
the machine state during interrupts. During external or 
power-on reset, and during a reset stack pointer (RSP) 
instruction, the stack pointer is set to its upper limit (SOOFF). 
Nested interrupt and/or subroutines may use up to 64 (deci- 
mal) locations. When the 64 locations are exceeded, the 
stack pointer wraps around and points to its upper limit 
($OOFF), thus, losing the previously stored information. A 
subroutine call occupies two RAM bytes on the stack, while 
an interrupt uses five RAM bytes. 


Since the Stack Pointer decrements during pushes, the PCL 
is stacked first, followed by PCH, etc. Pulling from the stack 
is in the reverse order. 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register which indicates 
the results of the instruction just executed as well as the 
state of the processor. These bits can be individually tested 
by a program and specified action taken as a result of their 
state. Each bit is explained in the following paragraphs. 


Half Carry Bit (H) 


The H bit is set to a one when a carry occurs between bits 3 
and 4 of the ALU during an ADD or ADC instruction. The H 
bit is useful in binary coded decimal subroutines. 


Interrupt Mask Bit (I) 


When the | bit is set, all interrupts are disabled. Clearing this 
bit enables the interrupts. If an external interrupt occurs 
while the | bit is set, the interrupt is latched and processed 
after the | bit is next cleared; therefore, no interrupts are lost 
because of the | bit being set. An internal interrupt can be 
lost if it is cleared while the | bit is set (refer to Programmable 
Timer, Serial Communications Interface, and Serial Periph- 
eral Interface Sections for more information). 


Negative (N) 


When set, this bit indicates that the result of the last arith- 
metic, logical, or data manipulation is negative (bit 7 in the 
result is a logic one). 


Zero (Z) 


When set, this bit indicates that the result of the last arith- 
metic, logical, or data manipulation is zero. 


Carry/Borrow (C) 


Indicates that a carry or borrow out of the arithmetic logic 
unit (ALU) occurred during the last arithmetic operation. This 
bit is also affected during bit test and branch instructions, 
shifts, and rotates. 


Built-In-Test (BIT) 


The Built-In-Test (BIT) capability of the HIP7030A2 MCU 
provides a simple, efficient means to test the device func- 
tionality. The BIT mode is entered by applying a 9Vp¢ input 
(through a 4.7KQ resistor) to the IRQ pin and 5Vp¢ input 
(through a 4.7KQ resistor) to the TCAP pin and then 
depressing the reset switch to execute a RESET. After 
RESET, the MCU will begin executing the BIT code stored at 
locations $1F00-$1FF1. The COP system remains active 
during BIT. 


The BIT routines utilizes the SPI capability of the 
HIP7030A2. When the BIT is initially accessed the SPI is 
configured in slave mode and the routine waits for a com- 
mand to be received via the SPI. There are five defined com- 
mands: 


Download and Execute - Command 1($01) 


Fill RAM with data and begin execution at location $62. After 
receiving a $01 command, the BIT routines read the next 
176 bytes of data received via the SPI and place each byte 
in successive RAM locations beginning at location $50. The 
SPI master is responsible for pacing the transmission to 
allow the HIP7030A2 to process each received byte. XXX 
clocks are required between transfers. Once all 176 bytes 
are received the HIP7030A2 jumps to location $62 and 
begins execution. SP is cleared before jumping to $62. 
Returning to the BIT routine can be accomplished by 
branching to location $1FO00. 


Dump ROM - Command 2($02) 


After receiving a $02 command, the BIT software “dumps” 
the contents of ROM. Beginning with locations $0020 
through $003F, followed by locations $0100 through $08FF, 
and ending with locations $1F00 through $1FFF the ROM 
contents are transferred byte by byte on the SPI bus. The 
HIP7030A2 remains in slave mode, and the master is 
responsible for pacing the transmission to allow the 
HIP7030A2 to retrieve each ROM byte. XXX clocks are 
required between transfers. After all bytes have been trans- 
ferred the BIT software once again waits for a command. 


Read Page 0 - Command 3($03) 


After receiving a $03 command, the BIT software waits for 
an address byte to be received. The address points to a 
location on page 0, the contents of which are read and 
placed in the SPI data register for transfer to the master. 
After receiving the command and address bytes and placing 
the value read in the SPI register, the BIT routines wait for 
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the data to be transferred and then resume looking for a 
command. The master is responsible for pacing the trans- 
mission to allow the HIP7030A2 time to read the data byte. 
XXX clocks are required between transfers. 


Read/Write Page 0 - Command 4($04) 


After receiving a $04 command, the BIT software waits for 
an address byte to be received. The address points to a 
location on page 0, the contents of which are read and 
placed in the SPI data register for transfer to the master. 
After receiving the command and address bytes and placing 
the value read in the SPI register, the BIT routines wait for 
the master to send a data byte (and to simultaneously 
unload the data which was placed in the SPDR). Upon 
receiving the new data byte, the BIT program writes the new 
data to the selected page 0 location. After completing the 
write, the BIT routines resume looking for a command. The 
master is responsible for pacing the transmission to allow 
the HIP7030A2 to properly process the address and data 
bytes. XXX clocks are required between transfers. Writing to 
the upper 20 bytes of RAM (subroutine stack) or to the SPI 
registers can cause the BIT routine to malfunction. 


Checksum - Command 5($05) 


After receiving a $05 command, the BIT software calculates 
the checksum of all bytes in ROM space and places the 
result in the SPI data register for reading. The master is 
responsible for pacing the transmissions to allow the 
HIP7030A2 to properly calculate the checksum byte. XXX 
clocks are required between issuing the command and read- 
ing the result. 


Resets 


The MCU has three reset modes: an active low external 
reset pin (RESET), a power-on reset function, and a Com- 
puter Operating Properly (COP) reset function. 


RESET Pin 


The RESET input pin is used to reset the MCU to provide an 
orderly software start-up procedure. When using the exter- 
nal reset mode, the RESET pin must stay low for a minimum 
of one and one half tceyc. The RESET pin contains an inter- 
nal Schmitt Trigger as part of its input to improve noise 
immunity. 


Power-On Reset 


The power-on reset occurs when a positive transition is 
detected on VDD. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no provision 
for a power-down reset. The power-on circuitry provides for a 
4064 tcyc delay from the time that the oscillator becomes 
active to allow for stabilization (see Figure 11). If the external 
RESET pin is low at the end of the 4064 tcyc¢ time out, the 
processor remains in the reset condition until RESET goes 
high. Table 3 shows the actions of the two resets on internal 
circuits, but not necessarily in order of occurrence (X indi- 
cates that the condition occurs for the particular reset). 


COP Reset 


The COP reset is generated by either of two events: 1) the 
Watchdog Timer reaches its maximum value prior to being 
cleared, or 2) the Slow Clock Detect circuitry doesn’t detect 
a transition on the OSCIN pin during a period of approxi- 
mately 2us. The COP reset is identical to an external 
RESET pin reset, except the Program Counter is loaded with 
the address at $1FFA-$1FFB instead of the address at 
$1FFE-$1FFF and the Watchdog Flag (bit 0) is set in the 
Watchdog Status Register (WSR, location $1E). COP 
Resets are discussed under Interrupts. 


Interrupts 


Systems often require that normal processing be interrupted 
so that some external event may be serviced. The 
HIP7030A2 may be interrupted by one of six different meth- 
ods: either one of four maskable hardware interrupts (IRQ, 
SPI, SENDEC, or Timer), one non-maskable Watchdog/ 
Slow Clock Detect interrupt, and one non-maskable software 
interrupt (SWI). Interrupts such as Timer, SPI, and SENDEC 
have several flags which will cause the interrupt. Generally, 
interrupt flags are located in read-only status register, 
whereas their equivalent enable bits are located in associ- 
ated control registers. The interrupt flags and enable bits are 
never contained in the same register. If the enable bit is a 
logic zero it blocks the interrupt from occurring but does not 
inhibit the flag from being set. Reset clears all enable bits to 
preclude interrupts during the reset procedure. The general 
sequence for clearing an interrupt is a software sequence of 
first accessing the status register while the interrupt flag is 
set, followed by a read or write of an associated register. 
When any of these interrupts occur, and if the enable bit is a 
logic one, normal processing is suspended at the end of the 
current instruction execution. Interrupts cause the processor 
registers to be saved on the stack (see Figure 12) and the 
interrupt mask (I bit) set to prevent additional interrupts. The 
appropriate interrupt vector then points to the starting 
address of the interrupt service routine (refer to Table 4 for 
vector location). Upon completion of the interrupt service 
routine, the RTI instruction (which is normally a part of the 
service routine) causes the register contents to be recovered 
from the stack followed by a return to normal processing. 
The stack order is shown in Figure 12. 


NOTE: The interrupt mask bit (I bit) will be cleared if and only 
if the corresponding bit stored in the stack is zero. A discus- 
sion of interrupts, plus a table listing vector addresses for all 
interrupts including RESET, in the MCU is provided in Table 4. 


Hardware Controlled Interrupt Sequence 


The following three functions (RESET, STOP, and WAIT) are 
not in the strictest sense an interrupt; however, they are 
acted upon in a similar manner. Flowcharts for hardware 
interrupts are shown in Figure 13, and for STOP and WAIT 
are provided in Figure 14. A discussion is provided below. 


(a) RESET - A low input on the RESET input pin causes the 
program to vector to its starting address which is specified 
by the contents of memory locations $1FFE and $1FFF. The 
| bit in the condition code register is also set. Much of the 
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TABLE 3. RESET PIN, COP, AND POR ACTIONS ON INTERNAL CIRCUITRY 


CONDITION COP RESET RESET 

Timer F'rescaler Reset to Zero State 
Timer Counter Configure to $FFFC X 
Timer Output Compare (TCMP) Bit Reset to Zero 

All Timer Interrupt Enable Bits Cleared (ICIE, OCIE, and TOIE) to Disable Timer Interrupts 
Timer Output Level (OLVL) Bit is Cleared 


Port A and Port D Data Direction Registers (DDRA and DDRD) Cleared to Zero, Placing 
all Port Pins in Input Mode 


Port D ‘Special Function Register Bit CMPE is Cleared Disabling Comparator 
Set Stack Pointer (SP) to $OOFF 

Force Internal Address to RESET Vector ($1FFE) 

Set | Bi: in Condition Code Register (CC) to 1; Disabling all Maskable Interrupts 
Clear STOP Latch 

Clear WAIT Latch 

Reset C)scillator Stabilization Delay To 4064 (Note 1) 
Clear External Interrupt (irq) Flip-flop 
VPWOUT Set Low (passive state) 
Slow Clock Detect Circuitry Reset 
Watchdog Timer Reset to Zero State 
Watchdog Flag (WDF) Cleared/Set in Watchdog Status Register (WSR) (Note 2) 
Watchdog Timer Interrupt Latch Cleared 


Serial Feripheral interface (SP!) Control Bits SPIE, MSTR, SPIF, WCOL, and MODF 
Clearec; Disabling SPI Interrupts and Setting to Slave Mode 


NOTES: 
1. Only if MCU is in STOP state; if NDEL is set in the SENDEC Control Register a delay of 128 is used for RESET/COP. 
2. WDF is cleared by POR and RESET and is set by a Watchdog Reset. 


(Note 2) 
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FIGURE 11. POWER-ON RESET AND RESET 
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TABLE 4. VECTOR ADDRESSES FOR INTERRUPTS AND RESETS 


REGISTER FLAG NAME INTERRUPTS SOURCE INTERRUPT NAME VECTOR ADDRESS 
RESET RESET SIFFE-SIFFF 
SIFFO-SIFFO 


N/A Watchdog Timeout COP $1FFA-$1FFB 
Slow Clock Detect 


SENDEC Status Ee ae Transition Detected SENDEC $1FF8-$1FF9 


(SEDSR) 
NECHO Echo Failure 
External Interrupt p  IRQ $1FF6-$1FF7 


N/A 

TX 

BRK 

NEW 

N/A ' 

ICF TIMER $1FF4-$1FF5 
SFPD SITS 
i ae ieee A Maal 


TIMER Status 
(TSR) 


SPI Status 
(SPSR) 


EXTERNAL 
INTERRUPT 
REQUEST 


Vop 


INTERRUPT 
PIN 


POWER-ON RESET 
EXTERNAL RESET 


COP RESET 
EXTERNAL 
INTERRUPT 

BEING SERVICED 
(READ OF VECTORS) 
FIGURE 12A. INTERRUPT FUNCTION DIAGRAM 


iRQ | | | 
— titi 
|<___— —— ee 


FIGURE 12B. INTERRUPT TIMING DIAGRAM 
FIGURE 12. EXTERNAL INTERRUPT 
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FROM RESET 


NTERRUPT, 7 


SENDEC 
INTERNAL 
NTERRUPT, 


iRQ 
EXTERNAL 


TIMER 


INSTRUCTION 


EXECUTE 
INSTRUCTION 


MCU is configured to a known state during this type of reset 
as previously described in RESETS paragraph. 


(b) STOP - The STOP instruction causes the oscillator to be 
turned olf and the processor to “sleep” until an external inter- 
rupt (IRQ) or reset occurs. The VPWOUT pin is forced to a 
low level, the SPI is set to slave mode, and all other pins 
remain at their previously set levels. 


(c) WAIT - The WAIT instruction causes all processor clocks 
to stop, but leaves the Timer, the Watchdog, SENDEC, and 
SPI clocks running. This “rest” state of the processor can be 
cleared by RESET, Slow Clock Detect, an external interrupt 
(IRQ), Timer interrupt, SPI interrupt, or SENDEC interrupt. 
There are no special “wait mode” vectors for these interrupts. 


Software Interrupt (SWI) 


The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware inter- 
rupts. The SWI is executed regardless of the state of the 
interrupt mask (I bit) in the condition code register. The inter- 
rupt service routine address is specified by the contents of 
memory location $1FFC and $1FFD. 


CLEAR IRQ 
EDGE TRIGGERED 
FLIP-FLOP 


Bed 
INTERNAL 


TO COP RESET 


STACK 
PC, X, A, CC 


LOAD PC FROM 
SENDEC:$1FF8- $1FF9 
IRQ: $1FF6 - $1FF7 
TIMER: $1FF4 - $1FF5 
SPI: $1FF2- $1FF3 


COMPLETE 
INTERRUPT 


ROUTINE 
AND EXECUTE 
RTI 


FIGURE 13. HARDWARE INTERRUPT FLOW DIAGRAM 


COP interrupt/Reset 


The Computer Operating Properly (COP) system consists of 
two functions: 1) the Watchdog Timer, and 2) the Slow Clock 
Detect Circuit. These interrupts cause a complete system 
restart and the effect is identical in every respect to an exter- 
nally generated RESET pin reset, except the restart address 
is taken from locations $1FFA and $1FFB and the Watchdog 
Flag (bit 0) is set in the Watchdog Status Register (WSR, 
location $1E) if the reset was the result of a Watchdog Timer 
overflow. Starting the PC with an address different than the 
standard RESET address allows the system to provide an 
appropriate response to the situation. 


Because the CPU is reset during a COP Interrupt, the COP 
service routine must not exit with an RTI. Instead the routine 
should branch to subsequent code. 


Since the most likely cause of a Slow Clock Detect is a mal- 
functioning oscillator, a COP Interrupt caused by a Slow 
Clock Detect will generally reset the MCU per Table 3 and 
remain in the RESET state. 
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SENDEC Interrupt 


The VPW Symbol Encoder/Decoder (SENDEC) system has 
four different interrupt flags that will cause a SENDEC inter- 
rupt whenever they are set and enabled. These four interrupt 
flags are found in the SENDEC status register (SEDSR, 
location $10) and all will vector to the same interrupt service 
routine ($1FF8 - $1FF9). One of the interrupt flags (TX - 
transition) has a corresponding enable bit in the SENDEC 
control register (SEDCR, location $0F). RESET clears the 
enable bit, thus preventing a TX interrupt from occurring dur- 
ing the reset time period. The other three interrupts (BRK - 
break, NECHO - no echo, and NEW - new frame) are non- 
maskable at the SENDEC level. The processor responds to 
all SENDEC interrupts only if the | bit in the condition code 
register is also cleared. When the interrupt is recognized, the 
current machine state is pushed onto the stack and | bit is 
set. This masks further interrupts until the present one is 
serviced. The interrupt service routine address is specified 
by the contents of memory location $1FF8 and $1FF9. The 
general sequence for clearing an interrupt is a software 
sequence of accessing the status register while the flag is 
set, followed by a read or write of an associated register. 
Refer to VPW Symbol Encoder/Decoder (SENDEC) for addi- 
tional information about the SENDEC interrupts. 


External Interrupt 


If the interrupt mask (I bit) of the condition code register has 
been cleared and the external interrupt pin (IRQ) has gone 
low, then an external interrupt is recognized. When the inter- 
rupt is recognized, the current state of the CPU is pushed 
onto the stack and the | bit is set. This masks further interrupts 
until the present one is serviced. The interrupt service routine 
address is specified by the contents of memory location 
$1FF6 and $1FF7. Figure 12 shows both a functional and 
mode timing diagram for the interrupt line. The timing diagram 
shows treatment of the interrupt line (IRQ) for generating peri- 
odic interrupts to the processor. The figure shows single 
pulses on the interrupt line spaced far enough apart to be ser- 
viced. The minimum time between pulses is a function of the 
number of cycles required to execute the interrupt service rou- 
tine plus 21 cycles (for interrupt call and return delays). Once 
a pulse occurs, the next pulse should not occur until the MCU 
software has exited the routine (an RTI occurs). 


The internal interrupt latch is cleared in the first part of the 
service routine; therefore, one (and only one) external inter- 
rupt pulse can be latched during t;, and will be serviced as 
soon as the | bit is cleared. 


Timer Interrupt 


There are three different timer interrupt flags that will cause 
a timer interrupt whenever they are set and enabled. These 
three interrupt flags are found in the three most significant bits 
of the timer status register (TSR, location $13) and all three will 
vector to the same interrupt service routine ($1FF4 - $1FF5). 
All interrupt flags have corresponding enable bits (ICIE, OCIE, 
and TOIE) in the timer control register (TCR, location $12). 
Reset clears all enable bits, thus preventing an interrupt from 
occurring during the reset time period. The actual processor 
interrupt is generated only if the | bit in the condition code 
register is also cleared. When the interrupt is recognized, the 
current machine state is pushed onto the stack and | bit is 


set. This masks further interrupts until the present one is 
serviced. The interrupt service routine address is specified 
by the contents of memory location $1FF4 and $1FF5. The 
general sequence for clearing an interrupt is a software 
sequence of accessing the status register while the flag is 
set, followed by a read or write of an associated register. 
Refer to Programmable Timer for additional information 
about the timer circuitry. 


Serial Peripheral Interface (SPI) Interrupts 


An interrupt in the serial peripheral interface (SPI) occurs 
when one of the interrupt flag bits in the serial peripheral sta- 
tus register (location $0B) is set, provided the | bit in the con- 
dition code register is clear and the enable bit in the serial 
peripheral control register (location $0A) is enabled. When 
the interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the condition code 
register is set. This masks further interrupts until the present 
one is serviced. The SPI interrupt causes the program 
counter to vector to memory location $1FF2 and $1FF3 
which contain the starting address of the interrupt service 
routine. Software in the serial peripheral interrupt service 
routine must determine the priority and cause of the SPI 
interrupt by examining the interrupt flag bits located in the 
SPI status register. The general sequence for clearing an 
interrupt is a software sequence of accessing the status reg- 
ister while the flag is set, followed by a read or write of an 
associated register. Refer to Serial Peripheral Interface for a 
description of the SPI system and its interrupts. 


Low Power Modes 
STOP Instruction 


The STOP instruction places the MCU in its lowest power con- 
sumption mode. In the STOP mode the internal oscillator is 
turned off, causing all internal processing to be halted; refer to 
Figure 14. During the STOP mode, the | bit in the condition 
code register is automatically cleared to enable external and 
SENDEC interrupts. All other registers and memory remain 
unaltered and all input/output lines remain unchanged, except 
the VPWOUT line which is forced to a passive (low) state and 
the SPI Master bit (MSTR) in the SPI Control Register (SPCR) 
which is cleared placing the SPI pins into Slave mode. This 
mode persists until an external interrupt (IRQ), a low on the 
VPWIN pin, or a low on RESET is sensed at which time the 
internal oscillator is turned on. The interrupt or reset causes 
the program counter to vector to the starting address of the 
interrupt or reset service routine respectively. 


WAIT Instruction 


The WAIT instruction places the MCU in a low power con- 
sumption mode, but the WAIT mode consumes somewhat 
more power than the STOP mode. In the WAIT mode, the 
internal clock remains active, and all CPU processing is 
stopped; however, the programmable timer, serial peripheral 
interface, Watchdog Timer, and SENDEC systems remain 
active. Refer to Figure 14. During the WAIT mode, the | bit in 
the condition code register is cleared to enable all interrupts. 
All other registers and memory remain unaltered and all par- 
allel input/output lines remain unchanged. This continues 
until any interrupt or reset is sensed. At this time the pro- 
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STOP 


STOP OSCILLATOR AND 
CLOCKS, DISABLE COP, 
FORCE VPWOUT = 0, 
CLEAR | BIT 


NO SENDEC 


INTERRUPT 


EXTERNAL 
INTERRUPT 
IRQ 


TURN ON OSCILLATOR 
WAIT FOR TIME 
DELAY TO STABILIZE 


(1) FETCH RESET/COP VECTOR OR 
(2) SERVICE INTERRUPT 

STACK 

SETI BIT 

. VECTOR TO INTERRUPT 
ROUTINE 


gram counter vectors to the memory location ($1FF2 
through $1FFF) which contains the starting address of the 
interrupt: or reset service routine. 


Data Retention Mode 


The contents of RAM and CPU registers are retained at sup- 
ply voltages as low as 2Vp¢. This is referred to as the DATA 
RETENTION mode, where the data is held, but the device is 
not guaranteed to operate. 


Programmable Timer 
INTRODUCTION 


The programmable timer, which is preceded by a fixed 
divide-by-four prescaler, can be used for many purposes, 
including input waveform measurements while simulta- 
neously generating an output waveform. Pulse widths can 
vary froin several microseconds to many seconds. A block 
diagram of the timer is shown in Figure 15 and timing dia- 
grams are shown in Figure 16 through 19. Because the timer 
has a 15-bit architecture, each specific functional segment 
(capability) is represented by two registers. These registers 
contain the high and low byte of that functional segment. 
General y, accessing the low byte of a specific timer function 
allows full control of that function; however, an access of the 
high byte inhibits that specific timer function until the low 
byte is also accessed. 


OSCILLATOR ACTIVE, 
TIMER, SCI, AND SPI 
CLOCKS ACTIVE, 
PROCESSOR CLOCKS STOPPED 


COP 
INTERRUPT 


RESET 
PROCESSOR 


NO 
YES TRO 
N 
RESTART INTERRUPT 
PROCESSOR CLOCK NO 


TIMER 
INTERRUPT 


NO 
NO 
SPI 
INTERRUPT 


The | bit in the condition code register should be set while 
manipulating both the high and low byte register of a specific 
timer function to ensure that an interrupt does not occur. 
This prevents interrupts from occurring between the time 
that the high and low bytes are accessed. 


(1) FETCH RESET/COP VECTOR OR 
(2) SERVICE INTERRUPT 
A. STACK 
B. SETIBIT 
C. VECTOR TO INTERRUPT 
OUTINE 


FIGURE 14. STOP AND WAIT FLOW DIAGRAM 


The programmable timer capabilities are provided by using 
the following ten addressable 8-bit registers (note the high 
and low represent the significance of the byte). A description 
of each register is provided below. 


Timer Control Register (TCR) locations $12, Timer Status 
Register (TSR) location $13, Input Capture High Register 
location $14, Input Capture Low Register location $15, Out- 
put Compare High Register location $16, Output Compare 
Low Register location $17, Counter High Register location 
$18, Counter Low Register location $19, Alternate Counter 
High Register location $1A, and Alternate Counter Low Reg- 
ister location $1B. 


COUNTER 


The key element in the programmable timer is a 16-bit free run- 
ning counter, or counter register, preceded by a prescaler which 
divides the internal processor clock by four. The prescaler 
gives the timer a resolution of 800ns if the internal processor 
Clock is 5.0MHz. the counter is clocked to increasing values 
during the low portion of the internal processor clock. Software 
can read the counter at any time without affecting its value. 
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MCU INTERNAL BUS 


INTERNAL 8-BIT 
PROCESSOR BUFFER 
CLOCK 


OUTPUT 16-BITFREE| gig INPUT | $14 
COMPARE RUNNING CAPTURE | gi5 
REGISTER COUNTER REGISTER 


COUNTER 
ALTERNATE 
REGISTER 


OUTPUT OVERFLOW 
COMPARE DETECT 
CIRCUIT CIRCUIT 


OUTPUT 
LEVEL REG. 


OUTPUT EDGE 
LEVEL INPUT 
(TCMP (TCAP 
PIN2) PIN 14) 


FIGURE 15. PROGRAMMABLE TIMER BLOCK DIAGRAM 


INTERNAL PROCESSOR CLOCK 


INTERNAL TIMER CLOCKS 


RESET (EXTERNAL OR END OF POR) / | Ui j 


NOTE: 
1. The Counter Register and the Timer Control Register are the only ones affected by reset. 
FIGURE 16. TIMER STATE DIAGRAM FOR RESET 
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INTERNAL PROCESSOR 
CLOCK 


CLOCKS 


T11 | | | | 


INPUT EDGE ‘ 


(SEE NOTE) 4 ‘ 
INTERNAL CAPTURE LATCH 


INPUT CAPTURE REGISTER $2277 X $FFED 
INPUT CAPTURE FLAG / 
NOTE: 


1. If tha input edge occurs in the shaded area from one timer state T10 to the next, the input capture flag is set during the next T11. 
FIGURE 17. TIMER STATE DIAGRAM FOR INPUT CAPTURE 


INTERNAL PROCESSOR CLOCK LILILI LILI LILI LI LILI LILI LIL] 


INTERNAL TIMER 


(NOTE 1) = 
COMPARE REGISTER CPU WRITES $FFED x $FFED 
COMPARE REGISTER (NOTE 2) Y] \ 

LATCH \ 


OUTPUT COMPARE NOTE 3 / 
FLAG (OCF) AND : \ 
TCMP (PIN 2) 
NOTES: 


1. The (CPU write to the Compare Register may take place at any time, but a compare only occurs at timer state T01. Thus a 4 cycle differ- 
ence may exist between the write to the Compare Register and the actual compare. 

2. Internal compare takes place during timer state T01. 

3. OCF is set at the timer state T11 which follows the comparison match ($FFED in this example). 


FIGURE 18. TIMER STATE DIAGRAM FOR OUTPUT COMPARE 
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INTERNAL PROCESSOR CLOCK LILI LILI LL LLL LLL 7 


INTERNAL TIMER 


TIMER OVERFLOW 
FLAG (TOF) 


1. The TOF bit is set at timer state T11 (transition of the counter from $FFFF to $0000). It is cleared by a read of the Timer Status Register 
during the internal processor clock high time followed by a read of the Counter Low Register. 


FIGURE 19. TIMER STATE DIAGRAM FOR TIMER OVERFLOW 


NOTE: 


The double byte free running counter can be read from 
either of two locations $18 - $19 (called counter register at 
this location), or $1A - $1B (counter alternate register at this 
location). A read of only the least significant byte (LSB) of 
the free running counter ($19, $1B) retrieves the current 
count value. If a read of the free running counter first 
addresses the most significant byte ($18, $1A) the least sig- 
nificant byte is transferred to a buffer. This buffer value 
remains fixed after the first most significant byte “read” even 
if the user reads the most significant byte several times. This 
buffer is accessed when reading the LSB of the free running 
counter or counter alternate register ($19, $1B), if the most 
significant byte is read, the least significant byte must also 
be read in order to complete the sequence. 


The free running counter is configured to $FFFC during reset 
and is always a read-only register. During a power-on-reset 
(POR), the counter is also configured to $FFFC and begins 
running after the oscillator start-up delay. Because the free 
running counter is 16 bits preceded by a fixed divide-by-four 
prescaler, the value in the free running counter repeats every 
262,144 MPU internal processor clock cycles. When the 
counter rolls over from $FFFF to $0000, the timer overflow flag 
(TOF) bit is set. An interrupt can also be enabled when counter 
rollover occurs by setting its interrupt enable bit (TOIE). 


OUTPUT COMPARE REGISTER 


The output compare register is a 16-bit register, which is 
made up of two 8-bit registers at locations $16 (most signifi- 
cant byte) and $17 (least significant byte). The output com- 
pare register can be used for several purposes such as, 
controlling an cutput waveform or indicating when a period of 
time has elapsed. The output compare register is unique in 
that all bits are readable and writable and are not altered by 
the timer hardware. Reset does not affect the contents of 
this register and if the compare function is not utilized, the 
two bytes of the output compare register can be used as 
storage locations. 


The contents of the output compare register are compared 
with the contents of the free running counter once during 
every four internal processor clocks. If a match is found, the 
corresponding output compare flag (OCF) bit is set and the 
corresponding output level (OLVL) bit is clocked (by the output 
compare circuit pulse) to an output level register. The values in 
the output compare register and the output level bit should be 
changed after each successful comparison in order to control 
an output waveform or establish a new elapsed timeout. An 
interrupt can also accompany a successful output compare 
provided the corresponding interrupt enable bit, OCIE, is set. 


After a processor write cycle to the output compare register 
containing the most significant byte ($16), the output compare 
function is inhibited until the least significant byte ($17) is also 
written. The user must write both bytes (locations) if the most 
significant byte is written first. A write made only to the least 
significant byte ($17) will not inhibit the compare function. The 
free running counter is updated every four internal processor 
clock cycles due to the internal prescaler. The minimum time 
required to update the output compare register is a function of 
the software program rather than the internal hardware. 


A processor write may be made to either byte of the output 
compare register without affecting the other byte. The output 
level (OLVL) bit is clocked to the output level register regard- 
less of whether the output compare flag (OCF) is set or clear. 


Because neither the output compare flag (OCF bit) nor the 
output compare register is affected by RESET, care must be 
exercised when initializing the output compare function with 
software. The following procedure is recommended: 


1. Write the high byte of the output compare register to inhib- 
it further compares until the low byte is written. 


2. Read the timer status register to arm the OCF if it is al- 
ready set. 


3. Write the output compare register low byte to enable the 
output compare function with the flag clear. 
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The advantage of this procedure is to prevent the OCF bit 
from being set between the time it is read and the write to 
the output compare register. A software example is shown 
below. 


B716 STAOCMPHI; INHIBITOUTPUT COMPARE 
B613 LDA TSTAT; ARM OCF BIT IF SET 
BF17 STXOCMPLO; READY FOR NEXT COMPARE 


INPUT CAPTURE REGISTER 


The two 8-bit registers which make up the 16-bit input cap- 
ture register are read-only and are used to latch the value of 
the free running counter after a defined transition is sensed 
by the corresponding input capture edge detector. The level 
transition which triggers the counter transfer is defined by 
the corresponding input edge bit (IEDG). The selected edge 
is also fed to the Port D strobed output pins (see Port D 
Strobed Output Mode). Reset does not affect the contents of 
the inpui capture register. 


The result obtained by an input capture will be one more 
than the value of the free running counter on the rising edge 
of the internal processor clock preceding the external transi- 
tion (refer to timing diagram shown in Figure 17). This delay 
is required for internal synchronization. Resolution is 
affected by the prescaler allowing the timer to only increment 
every four internal processor clock cycles. 


After a read of the most significant byte of the input capture 
register ($14), counter transfer is inhibited until the least sig- 
nificant byte ($15) of the input capture register is also read. 
This characteristic forces the minimum pulse period attain- 
able to be determined by the time used in the capture soft- 
ware routine and its interaction with the main program. The 
free runriing counter increments every four internal proces- 
sor clock cycles due to the prescaler. 


A read of the least significant byte ($15) of the input capture 
register does not inhibit the free running counter transfer. Again, 
minimum pulse periods are ones which allow software to read 
the least significant byte ($15) and perform needed opera- 
tions. There is no conflict between the read of the input capture 
register and the free running counter transfer since they occur 
on oppos te edges of the internal processor clock. 


TIMER CONTROL REGISTER (TCR) 


The timer control register (TCR, location $12) is an 8-bit 
read/write register which contains five control bits. Three of 
these bits control interrupts associated with each of the 
three flag bits found in the timer status register (discussed 
below). The other two bits control: 1) which edge is signifi- 
cant to the capture edge detector (i.e., negative or positive), 
and 2) the next value to be clocked to the output level regis- 
ter in response to a successful output compare. The timer 
control register and the free running counter are the only 
sections of the timer affected by RESET. The TCMP pin is 
forced low during external reset and stays low until a valid 
compare changes it to a high. The timer control register is 
illustrated below followed by a definition of each bit. 


s[Ts][*]*]*]71]o 
doe [roe[o | o | 0 [ea fouw 


TCR (LOCATION $12) 


B7,ICIE If the input capture interrupt enable (ICIE) bit is 
set, a timer interrupt is enabled when the ICF 
status flag (in the timer status register) is set. If 
the ICIE bit is clear, the interrupt is inhibited. 


The ICIE bit is cleared by RESET. 


If the output compare interrupt enable (OCIE) 
bit is set, a timer interrupt is enabled whenever 
the OCF status flag is set. If the OCIE bit is 
clear, the interrupt is inhibited. The OCIE bit is 
cleared by RESET. 


If the timer overflow interrupt enable (TOIE) bit 
is set, a timer interrupt is enabled whenever 
the TOF status flag (in the timer status regis- 
ter) is set. If the TOIE bit is clear, the interrupt 
is inhibited. The TOIE bit is cleared by RESET. 


The value of the input edge (IEDG) bit deter- 
mines which level transition on pin 1 will trigger 
a free running counter transfer to the input cap- 
ture register. Reset does not affect the IEDG 
bit. 


0 = negative edge 


B6, OCIE 


B5, TOIE 


B1, IEDG 


1 = positive edge 


The value of the output level (OLVL) bit is 
clocked into the output level register by the 
next successful output compare and will 
appear at pin 2. This bit and the output level 
register are cleared by RESET. 


BO, OLVL 


0 = low output 
1 = high output 
TIMER STATUS REGISTER (TSR) 


The timer status register (TSR) is an 8-bit register of which 
the three most significant bits contain read-only status infor- 
mation. These three bits indicate the following: 
1. A proper transition has taken place at the TCAP pin with 
an accompanying transfer of the free running counter 
contents to the input capture register, 


2. Amatch has been found between the free running 
counter and the output compare register, and 


3. A free running counter transition from $FFFF to $0000 
has been sensed (timer overflow). 


The timer status register is illustrated below followed by a defi- 
nition of each bit. Refer to timing diagrams shown in Figures 13, 
14, and 15 for timing relationship to the timer status register bits. 


SARS RARER ERESER ES 
Licr [ocr | tor] o | o [oo | of o | 
TSR (LOCATION $13) 


B7, ICF The input capture flag (ICF) is set when a 
proper edge has been sensed by the input 
capture edge detector. It is cleared by a pro- 
cessor access of the timer status register (with 
ICF set) followed by accessing the low byte 
($15) of the input capture register. Reset does 
not affect the input compare flag. 
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B6, OCF ‘The output compare flag (OCF) is set when the 
output compare register contents match the 
contents of the free running counter. The OCF 
is cleared by accessing the timer status regis- 
ter (with OCF set) and then accessing the low 
byte ($17) of the output compare register. 


Reset does not affect the output compare flag. 


The timer overflow flag (TOF) bit is set by a 
transition of the free running counter from 
$FFFF to $0000. It is cleared by accessing the 
timer status register (with TOF set) followed by 
an access of the free running counter least sig- 
nificant byte ($19). Reset does not affect the 
TOF bit. 


B5, TOF 


Accessing the timer status register satisfies the first condi- 
tion required to clear any status bits which happen to be set 
during the access. The only remaining step is to provide an 
access of the register which is associated with the status bit. 
Typically, this presents no problem for the input capture and 
output compare functions. 


A problem can occur when using the timer overflow function 
and reading the free running counter at random times to mea- 
sure an elapsed time. Without incorporating the proper pre- 
cautions into software, the timer overflow flag could 
unintentionally be cleared if: 1) the timer status register is read 
or written when TOF is set, and 2) the least significant byte of 
the free running counter is read but not for the purpose of ser- 
vicing the flag. The counter alternate register at address $1A 
and $1B contains the same value as the free running counter 
(at address $18 and $19); therefore, this alternate register can 
be read at any time without affecting the timer overflow flag in 
the timer status register. 


During STOP and WAIT instructions, the programmable 
timer functions as follows: during the wait mode, the timer 
continues to operate normally and may generate an interrupt 
to trigger the CPU out of the wait state; during the stop 
mode, the timer holds at its current state, retaining all data, 
and resumes operation from this point when an external 
interrupt is received. 


HIP7030A2 
MASTER 


HIP7030A2 SLAVE 3 


HIP7030A2 SLAVE 2 


Serial Peripherial Interface (SPI) 
INTRODUCTION 


The serial peripheral interface (SPI) is an interface built into 
the MCU which allows several MCUs, or one MCU plus 
peripheral devices, to be interconnected within a single “black 
box” or on the same printed circuit board. In a serial peripheral 
interface (SPI), separate wires (signals) are required for data 
and clock. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. An 
SPI system may be configured as one containing one master 
MCU and several slave MCUs, or in a system in which an 
MCU is capable of being either a master or a slave. 


Figure 20 illustrates a typical multi-computer system configu- 
ration. Figure 20 represents a system of five different MCUs 
in which there are one master and four slave (0, 1, 2, 3). In 
this system four basic line (signals) are required for the 
MOSI (master out slave in), MISO (master in slave out), SCK 
serial clock, and SS (slave select) lines. 


FEATURES 


¢ Full Duplex, Three-wire Synchronous Transfers 
¢ Master or Slave Operation 

¢ Master Bit Frequency - 2.5MHz Maximum 

Slave Bit Frequency - 5.OMHz Maximum 

¢ Four Programmable Master Bit Rates 

e Programmable Clock Polarity And Phase 

¢ End Of Transmission Interrupt Flag 

e Write Collision Flag Protection 

e Master-master Mode Fault Protection Capability 


SIGNAL DESCRIPTION 


The four basic signals (MOSI, MISO, SCK, SS) discussed 
above are described in the following paragraphs. Each sig- 
nal function is described for both the master and slave mode. 


HIP7030A2 SLAVE 0 


HIP7030A2 SLAVE 1 


FIGURE 20. MASTER-SLAVE SYSTEM CONFIGURATION (SINGLE MASTER, FOUR SLAVES) 
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Master Out Slave In (MOSI) 


The MOSI pin is configured as a data output in a master 
(mocie) device and as a data input in a slave (mode) device. 
In ths manner data is transferred serially from a master to a 
slave on this line; most significant bit first, least significant bit 
last. The timing diagrams of Figure 21 summarize the SPI 
timing and show the relationship between data and clock 
(SCK). As shown in Figure 21, four possible timing relation- 
ships: may be chosen by using control bits CPOL and CPHA. 
The master device always allows data to be applied on the 
MOSI line a half-cycle before the clock edge (SCK) in order 
for the slave device to latch the data. 

NOTE:: Both the slave device(s) and a master device must be pro- 
gramined to similar timing modes for proper data transfer. 

When the master device transmits data to a second (slave) 
device via the MOSI line, the slave device responds by send- 
ing data to the master device via the MISO line. This implies 
full duplex transmission with both data out and data in syn- 
chronized with the same clock signal (one which is provided 
by th master device). Thus, the byte transmitted is replaced 
by the byte received and eliminates the need for separate 
transinit-empty and receiver-full status bits. A single status 
bit (SPIF) is used to signify that the I/O operation is com- 
plete. Configuration of the MOSI pin is a function of the 
MSTR bit in the serial peripheral control register (SPCR, 
location $0A). When a device is operating as a master, the 
MOS pin is an output because the program in firmware sets 
the MSTR bit to a logic one. 


Master In Slave Out (MISO) 


The MISO pin is configured as an input in a master (mode) 
devic? and as an output in a slave (mode) device. In this 
manner data is transferred serially from a slave to a master 
on this line; most significant bit first, least significant bit last. 
The MISO pin of a slave device is placed in the high-imped- 
ance state if it is not selected by the master; i.e., its SS pin is 
a logic one. The timing diagram of Figure 21 shows the rela- 
tionship between data and clock (SCK). As shown in Figure 
21, four possible timing relationships may be chosen by 


(CPOL = 0, CPHA = 0) 


(CPOL = 0, CPHA = 1) 
SCK 

(CPOL = 1, CPHA = 0) 
SCK 


(CPOL = 1, CPHA = 1) 

MISO/ 
Mos! 
MSB 6 5 


using control bits CPOL and CPHA. The master device 
always allows data to be applied on the MOSI line a half- 
cycle before the clock edge (SCK) in order for the slave 
device to latch the data. 

NOTE: The slave device(s) and a master device must be pro- 
grammed to similar timing modes for proper data transfer. 


When the master device transmits data to a slave device via 
the MOSI line, the slave device responds by sending data to 
the master device via the MISO line. This implies full duplex 
transmission with both data out and data in synchronized 
with the same clock signal (one which is provided by the 
master device). Thus, the byte transmitted is replaced by the 
byte received and eliminates the need for separate transmit- 
empty and receiver-full status bits. A single status bit (SPIF) 
in the serial peripheral status register (SPSR, location $0B) 
is used to signify that the I/O operation is complete. 


In the master device, the MSTR control bit in the serial periph- 
eral control register (SPCR, location $0A) is set to a logic one 
(by the program) to allow the master device to receive data on 
its MISO pin. In the slave device, its MISO pin is enable by the 
logic level of the SS pin; i.e., if SS = 1 then the MISO pin is 
placed in the high-impedance state, whereas, if SS = 0 the 
MISO pin is an output for the slave device. 


Slave Select (SS) 


The slave select (SS) pin is a fixed input, which receives an 
active low signal that is generated by the master device to 
enable slave device(s) to accept data. To ensure that data 
will be accepted by a slave device, the SS signal line must 
be a logic low prior to occurrence of SCK (system clock) and 
must remain low until after the last (eighth) SCK cycle. Fig- 
ure 21 illustrates the relationship between SCK and the data 
for two different level combinations of CPHA, when SS is 
pulled low. These are: 1) with CPHA = 1, the first bit of data 
is applied to the MISO line for transfer (SS must go high 
between successive characters), and 2) when CPHA = 0 the 
slave device is prevented from writing to its data register (SS 
can remain low between characters). Refer to the WCOL 


V2 La 


1 LSB 


INTERNAL STROBE FOR DATA CAPTURE (ALL MODES) 
FIGURE 21. DATA CLOCK TIMING DIAGRAM 
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status flag in the serial peripheral status register (location 
$0B) description for further information on the effects that 
the SS input and CPHA control bit have on the I/O data reg- 
ister. A high level SS signal forces the MISO (master in slave 
out) line to the high-impedance state. Also, SCK and the 
MOSI (master out slave in) line are ignored by a slave device 
when its SS signal is high. 


When a device is a master, it constantly monitors its SS sig- 
nal input for a logic low. The master device will become a 
slave device any time its SS signal input is detected low. This 
ensures that there is only one master controlling the SS line 
for a particular system. When the SS line is detected low, it 
clears the MSTR control bit (serial peripheral control regis- 
ter, location $0A). Also, control bit SPE in the serial periph- 
eral control register is cleared which causes the serial 
peripheral interface (SPI) to be disabled (port D SPI pins 
become inputs). The MODF flag bit in the serial peripheral 
status register (location $0B) is also set to indicate to the 
master device that another device is attempting to become a 
master. Two devices attempting to be outputs are normally 
the result of a software error; however, a system could be 
configured which would contain a default master which 
would automatically “take-over” and restart the system. 


Serial Clock (SCK) 


The serial clock is used to synchronize the movement of data 
both in and out of the device through its MOSI and MISO pins. 
The master and slave devices are capable of exchanging a 
data byte of information during a sequence of eight clock 
pulses. Since the SCK is generated by the master device, the 


INTERNAL 
PROCESSOR 


CLOCK 
RATE MASTER 
GENERATOR START LOGIC 
SLAVE 


[ealoe 


CONTROL 
BITS 


(SEE NOTE) 


SCK line becomes an input on all slave devices and synchro- 
nizes slave data transfer. The type of clock and it relationship 
to data are controlled by the CPOL and CPHA bits in the 
serial peripheral control register (location $0A) discussed 
below. Refer to Figure 21 for timing. 


The master device generates the SCK through a circuit 
driven by the internal processor clock. Two bits (SPRO and 
SPR1) in the serial peripheral control register (location $0A) 
of the master device select the clock rate. The master device 
uses the SCK to latch incoming slave device data on the 
MISO line and shifts out data to the slave device on the 
MOSI line. Both master and slave devices must be operated 
in the same timing mode as controlled by the CPOL and 
CPHA bit in the serial peripheral control register. In the slave 
device, SPRO, SPR1 have no effect on the operation of the 
serial peripheral interface. Timing is shown in Figure 21. 


Functional Description 


A block diagram of the serial peripheral interface (SPI) is 
shown in Figure 22. In a master configuration, the master 
start logic receives an input from the CPU (in the form of a 
write to the SPI rate generator) and originates the system 
clock (SCK) based on the internal processor clock. This 
clock is also used internally to control the state controller as 
well as the 8-bit shift register. As a master device, data is 
parallel loaded into the 8-bit shift register (from the internal 
bus) during a write cycle, data is applied serially from a slave 
device via the MISO pin to the 8-bit shift register. After the 8- 
bit shift register is loaded, its data is parallel transferred to 


SEE NOTE 


INTERNAL 
DATA BUS 


8-BIT SHIFT (FULL) 
REGISTER 


3 


STATE 
CONTROLLER 
FLAGS 


NOTES: The SS, SCK, MOSI, and MISO are external pins which provide the following functions: 
1. MOSI - Provides serial output to slave unit(s) when device is configured as a master. Receives serial input from master unit when device 


is configured as a slave unit. 


2. MISO - Provides serial input from slave unit(s) when device is configured as a master. Receives serial output to master unit when device 


is configured as a slave unit. 


MULTIPLEX 
COMM. CIRCUITS 


3. SCK - Provides system clock when device is configured as a master. Receives system clock when device is configured as a slave unit. 
4. SS - Provides a logic low to select device for a transfer with the master. 


FIGURE 22. SERIAL PERIPHERAL INTERFACE (SPI) BLOCK DIAGRAM 
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the read buffer and then is made available to the internal 
data bus during a CPU read cycle. 


MASTER SLAVE 


8-BITSHIFTL.| MISO. MISO| 1Is8-BIT SHIFT 
i REGISTER I ser call REGISTER ; 
PI 


s 
CLIOCK 
GENERATOR 


FIGURE 23. SERIAL PERIPHERAL INTERFACE (SPI) MASTER- 
SLAVE INTERCONNECTION 


In a slave configuration, the slave start logic receives a logic 
low (frorn a master device) at the SS pin and a system clock 
input (from the same master device) at the SCK pin. Thus, the 
slave is synchronized with the master. Data from the master is 
receivec serially at the slave MOSI pin and loads the 8-bit shift 
register. After the 8-bit shift register is loaded, its data is paral- 
lel transierred to the read buffer and then is made available to 
the internal data bus during a CPU read cycle. During a write 
cycle, data is parallel loaded into the 8-bit shift register from 
the internal data bus and then shifted out serially to the MISO 
pin for aplication to the master device. 


Figure 23 illustrates the MOSI, MISO, and SCK master-slave 
interconnections. Note that in Figure 23 the master SS pin is 
tied to a logic high and the slave SS pin is a logic low. Figure 
20 provides a larger system connection for these same pins. 
Note that in Figure 20, all SS pins are connected to a port 
pin of a naster/slave device. In this case any of the devices 
can be a slave. 


Registe's 


There are three register in the serial parallel interface which 
provide control, status, and data storage functions. These 
registers which include the serial peripheral control register 
(SPCR, location $0A), serial peripheral status register 
(SPSR, location $0B), and serial peripheral data I/O register 
(SPDR, location $0C) are described below. 


Serial Peripheral Control Register (SPCR) 


The serial peripheral control register bits are defined as 


follows: 
é{[ 5s |] 4]3 {2 {%1]{o | 
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SPCR (LOCATION $0A) 


B7, SPIE When the serial peripheral interrupt enable is 
high, it allows the occurrence of a processor 
interrupt, and forces the proper vector to be 
loaded into the program counter if the serial 
peripheral status register flag bit (SPIF and/or 
MODE) is set to a logic one. It does not inhibit 
the setting of a status bit. The SPIE bit is 
cleared by RESET. 
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B6, SPE 


B4,MSTR 


B3, CPOL 


B2, CPHA 


B1, SPR1 
BO, SPRO 


When the serial peripheral output enable con- 
trol bit is set, all output drive is applied to the 
external pins and the system is enabled. When 
the SPE bit is set, it enables the SPI system by 
connecting it to the external pins thus allowing 
it to interface with the external SPI bus. The 
pins that are defined as output depend on 
which mode (master or slave) the device is in. 
When SPE is low all pins appear as inputs to 
the external system. Because the SPE bit is 
cleared by RESET, the SPI system is not con- 
nected to the external pins upon RESET. 


The master bit determines whether the device 
is a master or a slave. If the MSTR bit is a logic 
zero it indicates a slave device and a logic one 
denotes a master device. If the master mode is 
selected, the function of the SCK pin changes 
from an input to an output and the function of 
the MISO and MOSI pins are reversed. This 
allows the user to wire device pins MISO to 
MISO, and MOSI to MOSI, and SCK to SCK 
without incident. The MSTR bit is cleared by 
RESET; therefore, the device is always placed 
in the slave mode during RESET. 


The clock polarity bit controls the normal or 
steady state value of the clock when data is not 
being transferred. The CPOL bit affects both the 
master and slave modes. It must be used in con- 
junction with the clock phase control bit (CPHA) 
to produce the wanted clock-data relationship 
between a master and a slave device. When the 
CPOL bit is a logic zero, it produces a steady 
state low value at the SCK pin of the master 
device. If the CPOL bit is a logic one, a high value 
is produced at the SCK pin of the master device 
when data is not being transferred. The CPOL bit 
is not affected by RESET. Refer to Figure 21. 


The clock phase bit controls the relationship 
between the data on the MISO and MOSI pins 
and the clock produced or received at the SCK 
pin. This control has effect in both the master and 
Slave modes. It must be used in conjunction with 
the clock polarity control bit (CPOL) to produce 
the wanted clock-data relation. The CPHA bit in 
general selects the clock edge which captures 
data and allows it to change states. It has its 
greatest impact on the first bit ttansmitted (MSB) 
in that it does or does not allow a clock transition 
before the first data capture edge. The CPHA bit 
is not affected by RESET. Refer to Figure 21. 


These two serial peripheral rate bits select one 
of four baud rates to used as SCK if the device 
is a master; however they have no effect in the 
slave mode. The slave device is capable of 
shifting data in and out at a maximum rate 
which is equal to the CPU clock. A rate table is 
given below for the generation of the SCK from 
the master. The SPR1 and SPRO bits are not 
affected by RESET. 
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Serial Peripheral Status Register (SPSR) 


The status flags which generate a serial peripheral interface 
(SPI) interrupt may be blocked by the SPIE control bit in the 
serial peripheral control register. The WCOL bit does not 
cause an interrupt. The serial peripheral status register bits 
are defined as follows: 
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SPSR (LOCATION $0B) 


B7, SPIF The serial peripheral data transfer flag bit notifies 
the user that a data transfer between the device 
and an external device has been completed. 
With the completion of the data transfer, SPIF is 
set, and if SPIE is set, a serial peripheral inter- 
rupt (SPI) is generated. During the clock cycle 
that SPIF is being set, a copy of the received 
data byte in the shift register is moved to a buffer. 
When the data register is read, it is the buffer that 
is read. During an overrun condition, when the 
master device has sent several bytes of data and 
the slave device has not responded to the first 
SPIF, only the first byte sent is contained in the 
receiver buffer and all other bytes are lost. 


The transfer of data is initiated by the master 
device writing its serial peripheral data register. 


Clearing the SPIF bit is accomplished by a 
software sequence of accessing the serial 
peripheral status register while SPIF is set and 
followed by a write to or a read of the serial 
peripheral data register. While SPIF is set, all 
writes to the serial peripheral data register are 
inhibited until the serial peripheral status regis- 
ter is read. This occurs in the master device. In 
the slave device, SPIF can be cleared (using a 
similar sequence) during a second transmis- 
sion; however, it must be cleared before the 
second SPIF in order to prevent an overrun 
condition. The SPIF bit is cleared by RESET. 


B 6 The function of the write collision status bit is to 

WCOL notify the user that an attempt was made to 
write the serial peripheral data register while a 
data transfer was taking place with an external 
device. The transfer continues uninterrupted; 
therefore, a write will be unsuccessful. A “read 
collision” will never occur since the received 
data byte is placed in a buffer in which access 
is always synchronous with the MCU opera- 
tion. If a “write collision” occurs, WCOL is set 
but no SPI interrupt is generated. The WCOL 
bit is a status flag only. 
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Clearing the WCOL bit is accomplished by a 
software sequence of accessing the serial 
peripheral status register while WCOL is set, 
followed by 1) a read of the serial peripheral 
data register prior to the SPIF bit being set, or 2) 
a read or write of the serial peripheral data reg- 
ister after the SPIF bit is set. A write to the serial 
peripheral data register (SPDR) prior to the SPIF 
bit being set, will result in generation of another 
WCOL status flag. Both the SPIF and WCOL 
bits will be cleared in the same sequence. If a 
second transfer has started while trying to clear 
(the previously set) SPIF and WCOL bits with a 
Clearing sequence containing a write to the 
serial peripheral data register, only the SPIF bit 
will be cleared. 


A collision of a write to the serial peripheral data 
register while an external data transfer is taking 
place can occur in both the master mode and 
the slave mode, although with proper program- 
ming the master device should have sufficient 
information to preclude this collision. 


Collision in the master device is defined as a 
write of the serial peripheral data register while 
the internal rate clock (SCK) is in the process 
of transfer. The signal on the SS pin is always 
high on the master device. 


A collision in a slave device is defined in two 
separate modes. One problem arises in a 
slave device when the CPHA control bit is a 
logic zero. When CPHA is a logic zero, data is 
latched with the occurrence of the first clock 
transition. The slave device does not have any 
way of knowing when that transition will occur; 
therefore, the slave device collision occurs 
when it attempts to write the serial peripheral 
data register after its SS pin has been pulled 
low. The SS pin of the slave device freezes the 
data in its serial peripheral data register and 
does not allow it to be altered if the CPHA bit is 
a logic zero. The master device must raise the 
SS pin of the slave device high between each 
byte it transfers to the slave device. 


The second collision mode is defined for the 
state of the CPHA control bit being a logic one. 
With the CPHA bit set, the slave device will be 
receiving a clock (SCK) edge prior to the latch of 
the first data transfer. This first clock edge will 
freeze the data in the slave device I/O register 
and allow the MSB onto the external MISO pin 
of the slave device. The SS pin low state 
enables the slave device but the drive onto the 
MISO pin does not take place until the first 
data transfer clock edge. The WCOL bit will 
only be set if the I/O register is accessed while 
a transfer is taking place. By definition of the 
second collision mode, a master device might 
hold a slave device SS pin low during a trans- 
fer of several bytes of data without a problem. 
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B4, MODF 
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A special case of WCOL occurs in the slave 
device. This happens when the master device 
Starts a transfer sequence (an edge on SCK for 
CPHA = 1; or an active SS transition for CPHA 
= 0) at the same time the slave device CPU is 
writing to its serial peripheral interface data reg- 
ister. In this case it is assumed that the data 
byte written (in the slave device serial peripheral 
interface) is lost and the contents of the slave 
device read buffer becomes the byte that is 
transferred. Because the master device receives 
back the last byte transmitted, the master device 
can detect that a fatal WCOL occurred. 


Since the slave device is operating asynchro- 
nously with the master device, the WCOL bit 
may be used as an indicator of a collision 
occurrence. This helps alleviate the user from 
a strict real-time programming effort. The 
WCOL bit is cleared by RESET. 


The function of the mode fault flag is defined 
for the master mode (device). If the device is a 
slave device the MODF bit will be prevented 
from toggling from a logic zero to a logic one; 
however, this does not prevent the device from 
being in the slave mode with the MODF bit set. 
The MODF bit is normally a logic zero and is 
set only when the master device has its SS pin 
pulled low. Toggling the MODF bit to a logic 
one affects the internal serial peripheral inter- 
face (SPI) system in the following ways: 


1. MODF is set and SPI interrupt is generated 
t SPIE = 1. 


2. The SPE bit is forced to a logic zero. This 
blocks all output drive from the device, dis- 
ables the SPI system. 


3. The MSTR bit is forced to a logic zero, thus 
forcing the device into the slave mode. 


Clearing the MODF is accomplished by a soft- 
ware sequence of accessing the serial periph- 
eral status register while MODF is set followed 
by a write to the serial peripheral control regis- 
ter. Control bit SPE and MSTR may be 
restored to their original set state during this 
cleared sequence or after the MODF bit has 
been cleared. Hardware does not allow the 
user to set the SPE and MSTR bit while MODF 
is a logic one unless it is during the proper 
clearing sequence. The MODF flag bit indi- 
cates that there might have been a multi-mas- 
ter conflict for system control and allows a 
proper exit from system operation to a RESET 
or default system state. The MODF bit is 
cleared by RESET. 


Serial Peripheral Data VO Register (SPDR) 
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SPDR (LOCATION $0C) 


The serial peripheral data I/O register is used to transmit and 
receive data on the serial bus. Only a write to this register 
will initiate transmission/reception of another byte and this 
will only occur in the master device. A slave device writing to 
its data I/O register will not initiate a transmission. At the 
completion of transmitting a byte of data, the SPIF status bit 
is set in both the master and slave devices. A write or read of 
the serial peripheral data I/O register, after accessing the 
serial peripheral status register with SPIF set, will clear SPIF. 


During the clock cycle that the SPIF bit is being set, a copy 
of the received data byte in the shift register is being moved 
to a buffer. When the user reads the serial peripheral data 1/ 
O register, the buffer is actually being read. During an over- 
run condition, when the master device has sent several 
bytes of data and the slave device has not internally 
responded to clear the first SPIF, only the first byte is con- 
tained in the receive buffer of the slave device; all others are 
lost. The user may read the buffer at any time. The first SPIF 
must be cleared by the time a second transfer of data from 
the shift register to the read buffer is initiated or an overrun 
condition will exist. 


A write to the serial peripheral data I/O register is not buffered 
and places data directly into the shift register for transmission. 


The ability to access the serial peripheral data I/O register is 
limited when a transmission is taking place. It is important to 
read the discussion defining the WCOL and SPIF status bit to 
understand the limits on using the serial peripheral data I/O 
register. 


Serial Peripheral Interface (SPI) 
System Considerations 


There are two types of SPI systems; single master system 
and multi-master systems. Figure 20 illustrates a single 
master system and a discussion of both is provided below. 


Figure 20 illustrates how a typical single master system may 
be configured, using a CDP68HCO05 family device as the 
master and four CDP68HCO05 family devices as slaves. As 
shown, the MOSI, MISO, and SCK pins are all wired to 
equivalent pins on each of the five devices. The master 
device generates the SCK clock, the slave device all receive 
it. Since the CDP68HCO5 master device is the bus master, it 
internally controls the function of its MOSI and MISO lines, 
thus writing data to the slave devices on the MOSI and read- 
ing data from the slave devices on the MISO lines. The mas- 
ter device selects the individual slave devices by using four 
pins of a parallel port to control the four SS pins of the slave 
devices. A slave device is selected when the master device 
pulls its SS pin low. The SS pins are pulled high during 
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FIGURE 24. TYPICAL J1850 VPW MESSAGE FRAME 


RESET since the master device ports will be forced to be 
inputs at that time, thus disabling the slave devices. Note 
that the slave devices do not have to be enabled in a mutu- 
ally exclusive fashion except to prevent bus contention on 
the MISO line. For example, three slave devices, enabled for 
a transfer, are permissible if only one has the capability of 
being read by the master. An example of this is a write to 
several display drivers to clear a display with a single I/O 
operation. To ensure that proper data transmission is occur- 
ring between the master device and a slave device, the mas- 
ter device may have the slave device respond with a 
previously received data byte (this data byte could be 
inverted or at least be a byte that is different from the last 
one sent by the master device). The master device will 
always receive the previous byte back from the slave device 
if all MISO and MOSI lines are connected and the slave has 
not written its data I/O register. Other transmission security 
methods might be defined using ports for handshake lines or 
data bytes with command fields. 


A multi-master system may also be configured by the user. An 
exchange of master control could be implemented using a 
handshake method through the I/O ports or by an exchange 
of code messages through the serial peripheral interface sys- 
tem. The major device control that plays a part in this system 
is the MSTR bit in the serial peripheral control register and the 
MODF bit in the serial peripheral status register. 


J1850 VPW Messaging 


This section provides an introduction to J1850 multiplexed 
communications. It is assumed that the user is or will 
become familiar with the appropriate documents published 
by the Society of Automotive Engineering (SAE). The follow- 
ing discussion is not comprehensive. 


Overview 


The SAE Recommended Practice J1850 (Note 1) (J1850) 
establishes the requirements for communications on a Class 
B multiplexed wiring network for automotive applications. 
The J1850 document details the requirements in a three 
layer description which separately specifies the characteris- 
tics of the physical layer, the data link layer, and the applica- 
tion layer. There are several options within each layer which 
allows vehicle manufacturers to customize the network while 
still maintaining a level of universality. 


NOTE: 


1. SAE Recommended Practice J1850, Class B Data Communi- 
cation Network Interface, September 1, 1993, Society of Auto- 
motive Engineers Inc. 

The hardware of the Harris HIP7030A2 provides features 
which facilitate implementation of the 10.4Kbps Variable 
Pulse Width Modulated (VPW) physical layer option of 
J1850. In combination with a bus transceiver, such as the 


Harris J1850 Bus Transceiver HIP7020, and appropriate 
software algorithms the HIP7030A2 circuitry enables the 
designer to completely implement a 10.4Kbps VPW Class B 
Communications Network Interface per J1850. Features of 
such an implementation include: 


e Single Wire 10.4Kbps Communications 
e Message Buffering and Message Filtering 
¢ Bit-by-Bit Bus Arbitration 


¢ Industry Standard Protocol 


Message Acknowledgment (“In-Frame Response”) Capa- 
bilities 


Exceptionally Tolerant of Clock Skew, System Noise, and 
Ground Offsets 


Meets CARB and EPA Diagnostic Requirements 


Supports up to 32 Nodes 
¢ Low Error Rates 


¢ Excellent EMC Levels (when interfaced via Harris J1850 
Bus Transceiver HIP7020) 


In addition to the standard J1850 features, the HIP7030A2 
hardware provides a high speed mode, (intended for receive 
only use) which can significantly enhance vehicle mainte- 
nance capabilities. The high speed mode provides a 
41.6Kbps communications path to any node built with the 
HIP7030A2. 


Anatomy of a J1850 VPW Message 


All messages in a J1850 VPW system are sent along a sin- 
gle wire, shared bus. At any given moment the bus can be in 
either of two states: active (high) or passive (low). Multiple 
nodes are connected to the bus as a “wired-OR” network in 
which the bus is high if any one (or more) node is generating 
an active output. The bus is only low when no nodes are gen- 
erating active outputs. It follows that, when no communica- 
tions are taking place the bus will rest in the passive state. A 
message begins when the bus is first driven to the high state. 
Each succeeding state transition (i.e. - a change from active to 
passive or passive to active) transfers one bit of information 
(symbol until the message is complete and the bus once 
again rests at the passive state. The interpretation of each 
symbol in the message is dependent on its duration (and 
state), hence the descriptor Variable Pulse Width (VPW). 


Each message has a beginning and an end, the span of 
which encompasses the entire messageor frame (refer to 
Figure 24). A frame consists of an active start of frame 
(SOF) symbol and a passive end of frame (EOF) symbol 
sandwiched around a series of byte sized (8-bit) groups of 
symbols. The first byte of the frame contents is always a 
header byte, followed by possibly additional header bytes, 
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followed by one or more data bytes, followed by an integrity 
check byte (CAC byte), followed by a passive end of data 
(EOD) symbol, followed by possibly one or more in-frame- 
response (IFR) bytes. To keep waiting times low, messages 
are limited to 12 bytes total (including header, data, check, 
and IFR bytes). All message bytes are transmitted most sig- 
nificant bit (MSB) first. 


VPW Symbol Definitions 


Within the J1850 scheme, symbols are defined in terms of 
both duration and state (passive or active). The duration is 
measured as the time between successive transitions. There 
is one transition per symbol and one symbol per transition. 
The end of one symbol marks the beginning of the next. 
Since the bus is passive when a message begins and must 
return to that same state when the message completes, all 
frames have an even number of transitions and hence an 
even number of symbols. 


There are unique definitions for data bit symbols (all the 
symbols which occur within the header, data, and check 
bytes) and protocol symbols (including SOF, EOD, and 
EOF). The duration of each symbol is expressed in terms of 
VPW Timing Pulses (TV values). Table 5 summarizes the TV 
definitions. Each TV is specified in terms of a nominal (or 
ideal) duration and a minimum and maximum duration. The 
span between the minimum and maximum limits accommo- 
dates system noise sources such as node to node clock 
skew, ground offsets, clock jitter, and electromechanical 
noise. There are no dead zones between the maximum of 
one TV and the minimum of the next. 


The terms short and /ong are often used to refer to pulses of 
duration TV1 and TV2 respectively. 


TABLE 5. J1850 TV DEFINITIONS 


VPW is a non-return-to-zero (NRZ) protocol in which each 
transition represents a complete bit of information. Accord- 
ingly, a O data bit will sometimes be transmitted as a passive 
pulse and sometimes as an active pulse. Similarly, a 7 data 
bit will sometimes be transmitted as a passive pulse and 
sometimes as an active pulse. In order to accommodate 
arbitration (see Bus Arbitration) a long active pulse repre- 
sents a O data bit and a short active pulse represents a 1 
data bit. Complementing this fact, a short passive pulse rep- 
resents a 0 and a /ong passive pulse represents a 1. Starting 
from a transition to the active state, a O data bit will maintain 
the active level longer than a 1. Similarly, starting from a 


transition to the passive state, a O data bit will return to the 
active level quicker than a 1. These facts give rise to the 
dominance of 0’s over 1’s on the J1850 bus as depicted in 
Figure 25. See Bus Arbitration for additional details. 
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FIGURE 25A. DOMINANCE OF ACTIVE 0 DATA BIT 


0 DATA BIT 


1 DATA BIT 


erpennonese 
— 
0 DATA BIT 0 
aon 4 
1 DATA BIT 1 
— SHORTER PASSIVE 
us PULSE (0) 
J1850 BUS 0 CONTROLS THE BUS 


FIGURE 25B. DOMINANCE OF PASSIVE 0 DATA BIT 
FIGURE 25. 


Table 6 summarizes the complete set of symbol definitions 
based on duration and state. 


TABLE 6. J1850 SYMBOL DEFINITIONS 


IFS (Inter-Frame Separation) 


In Frame Response (IFR) 


The distinction between two of the passive symbols, EOD 
and EOF, is subtle but important (refer to Figure 26). The 
EOD (TV3) interval signifies that the originator of the mes- 
sage is done broadcasting and any nodes which have been 
requested to respond (i.e. - to acknowledge receipt of the 
message) can now do so. The EOD interval begins when the 
transmitting node has completed sending the eighth bit of 
the check byte. The transmitter simply releases the bus and 
allows it to revert to a passive state. In the course of normal 
messaging, no node can seize the bus until an EOD time 
has been detected. Once an EOD has elapsed, any nodes 
which are scheduled to produce an IFR will arbitrate for con- 
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FIGURE 27. TWO NODES ARBITRATING FOR CONTROL OF J1850 BUS 


trol of the bus (see Bus Arbitration) and respond appropri- 
ately. If no responses are forthcoming the bus remains in the 
passive state until an EOF (TV4) interval has elapsed. After 
the EOF has been generated, the frame is considered closed 
and the next communications on the bus will represent a 
totally new message. 


IFRs can consist of multiple bytes from a single respondent, 
one byte from a single respondent, or one byte from multiple 
respondents. In all cases the first response byte must be 
preceded by a normalization bit (NB) which serves as a start of 
response symbol and places the bus in an active state so that 
following the IFR byte(s) the bus will be left in the passive state. 


The NB symbol is by definition active, but can be either TV1 
or TV2 in duration. The long variety (TV2) signifies the IFR 
contains a CRC byte. The short variety (TV1) precedes an 
IFR without CRC. 


Message Types 


Messages are classified into one of four Types according to 
whether the message has an IFR and what kind of IFR it is. 
The definitions are: 


¢ Type 0 - NoIFR 


¢ Type 1 - One byte IFR from a single respondent (no CRC 
byte) 

¢ Type 2 - One byte IFRs from multiple respondents (no 
CRC byte) 


¢ Type 3 - Multiple byte IFR from a single respondent (CRC 
- appended) 


Bus Arbitration 


The nature of multiplexed communications leads to contention 
issues when two or more nodes attempt to transmit on the bus 
simultaneously. Within J1850 VPW systems, messages are 
assigned varying levels of priority which allows implementa- 
tion of an arbitration scheme to resolve potential contentions. 
The specified arbitration is performed on a symbol by symbol 
basis throughout the duration of every message. 


Arbitration begins with the rising edge of the SOF pulse. No 
node should attempt to issue an SOF until an Idle bus has 
been detected (i.e. - an Inter-Frame Separation (IFS) symbol 
with a period of TV6 has been received). If multiple nodes are 
ready to access the bus and are all waiting for an IFS to 
elapse, invariable skews in timing components will cause one 
arbitrary node to detect the Idle condition before all others and 
start transmission first. For this reason, all nodes waiting for 
an IFS will consider an IFS to have occurred if either: 


- An IFS nominal period has elapsed 
or 


- An EOF minimum period has elapsed and a rising edge 
has been detected 


Arbitrating devices will all be synchronized during the SOF. 
Beginning with the first data bit and continuing to the EOF, 
every transmitting device is responsible for verifying that the 
symbol it sent was the symbol which appeared on the bus. 
Each transition, every transmitting node must decode the 
symbol, verify the received symbol matches the one sent, and 
begin timing of the next symbol. Since timing of the next sym- 
bol begins with the last transition detected on the bus, all 
transmitters are re-synchronized each symbol. When the 
received symbol doesn’t match the symbol sent, a conflict (bit 
collision) occurs. Any device detecting a collision will assume 
it has lost arbitration and immediately relinquish the bus. Typi- 
Cally, after losing arbitration, a device will attempt re-transmis- 
sion of the message when the bus once again becomes Idle. 


The definition of 1 and O data bits (see Table 6 and discus- 
sion under VPW Symbol Definitions) leads to 0’s having 
priority over 1’s in this arbitration scheme. Header bytes are 
generally assigned such that arbitration is completed before 
the first data byte is transmitted. Because of the dominance 
of O-bits and the MSB first bit order, a header with the hexa- 
decimal value $00 will have highest priority, then $01, $02, 
$03, etc. An example of two nodes anbitrating for control of 
the bus is shown in Figure 27. 


Arbitration also takes place during the IFR portion of a mes- 
sage, if more than one node is attempting to generate a 
response. Arbitration begins with the NB symbol, which fol- 
lows the EOD and precedes the first IFR byte. 
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For Type 1 and Type 3 messages only the respondent which 
successfully arbitrates for control of the bus produces an 
IFR. All other respondents abort their IFRs. 


For Type 2 messages, all respondents which lose arbitration 
must count symbols and re-attempt transmission at the end 
of each byte. Each node, which successfully responds, elim- 
inates itself from the subsequent arbitration until all nodes 
have responded. This arbitration scheme limits each respon- 
dent to a single byte during a Type 2 IFR. 


Break 


To force a message to be aborted before EOF is reached, a 
break (BRK) symbol can be transmitted by any node. The 
BRK symbol is an active pulse of duration TV5. Reception of 
a break causes all nodes to reset to a ready-to-receive state 
and to re-arbitrate for control following an IFS. 


Variable Pulse Width Symbol Encoder 
Decoder (SENDEC) 


OVERVIEW OF SENDEC OPERATION 


The SENDEC hardware integrated in the HIP7030A2 facili- 
tates generation and reception of J1850 messages on a 
symbol by symbol basis. Symbols are output from the SEN- 
DEC, as a digital signal, on the VPWOUT pin and input, as a 
digital signal, on the VPWIN pin. These two lines must be 
connected through a bus transceiver (such as the Harris 
J1850 Bus Transceiver HIP7020) to the single wire J1850 
bus. The transceiver is responsible for generating and 
receiving waveforms consistent with the physical layer speci- 
fications of J1850. In addition, the transceiver is responsible 
for providing isolation from bus transients. 


Every symbol sent out on the VPWOUT is in effect inverted 
and echoed back on the VPWIN pin after some finite delay 
through the transceiver. In actuality, only long active symbols 
are guaranteed to be echoed unchanged. If the transmitted 
symbol is passive and another node is simultaneously send- 
ing an active symbol, the active symbol will dominate and 
pull the bus to a high level. 


The SENDEC circuitry includes a 3-bit digital filter which 
effectively filters out noise pulses less than 7s in duration. 


Communications between the CPU and the SENDEC are via 
three registers mapped into Page O of the MCUs memory 
space. 


When transmitting symbols, the desired symbol is specified 
by writing an appropriate code to the SENDEC Data Regis- 
ter (SEDDR). Timing of each symbol is calculated from the 
last transition on the VPWIN line. Each write to the SEDDR, 
which occurs within 34s of the last received transition, will 
enable the VPWOUT pin and the SENDEC automatically 
produces a transition on the VPWOUT pin after the proper 
delay (the seven microseconds added by the digital filter and 
a 17 microsecond delay through the bus transceiver are 
compensated for). The VPWOUT pin remains active until 34 
microseconds after the last received transition. Failure to 
write a new symbol during the 34 microsecond window 


causes the VPWOUT pin to go low until the next valid write 
or until the Force Start of Frame (FSOF) bit is set in the 
SENDEC Data Register (SEDDR). 


Decoding of received symbols is automatically performed by 
the SENDEC. The decoded symbol is valid until the next 
transition occurs. The value can be read via the SEDDR. 


Generally the SENDEC is programmed to interrupt the MCU 
with each transition on the VPWIN pin. When the SENDEC 
is receiving a message, the interrupt signals that a new sym- 
bol has been received and appropriate actions must be 
taken to read and process the symbol. When the SENDEC is 
transmitting, the transition interrupt signifies that the 
reflected symbol has been received, and it is time to start 
timing the next symbol. The reflected symbol should be read 
and compared to the previously sent one. If the reflected 
symbol doesn’t match the symbol sent, a collision has 
occurred and the software must cease transmissions until 
the next idle period. If there was no collision, the new symbol 
must be immediately (within one TV1 minimum time) written 
to the SEDDR (the SEDDR is not buffered). 


In addition to features already discussed, the SENDEC 
includes, noise detection, idle bus detection, a clock pres- 
caler, an echo fail detector, a wake-up facility, and a high 
speed receive mode. Symbol timing is based on the main 
MCU oscillator. The programmable prescaler allows proper 
SENDEC operation with 10MHz, 8MHz, or 4MHz oscillators. 
The high speed receive mode is a J1850 extension which 
allows maintenance equipment to transmit messages at 4X 
the normal 10.4Kbps rate. 


Software algorithms can be employed to implement mes- 
sage buffering and filtering, CRC generation and detection, 
IFR handling, and other needed features to create a com- 
plete J1850 VPW node. See the Applications section for typ- 
ical algorithms. 


SENDEC REGISTERS 


The SENDEC register set consists of the read-write SEN- 
DEC Data Register (SEDDR), the read-write SENDEC Con- 
trol Register (SEDCR), and the read-only SENDEC Status 
Register (SEDSR). A detailed description of the operation of 
each follows: 


SENDEC Control Register (SEDCR) 


The SENDEC Control Register (SEDCR, location $0F) is an 
8-bit read/write register which contains five control bits. One 
of the bits controls interrupts which are associated with a 
flag bit in the SENDEC Status Register (discussed follow- 
ing). Three bits control the clock prescaler and the high 
speed 4X mode of the SENDEC. The final bit doesn’t directly 
control the SENDEC, rather it controls the start-up delay fol- 
lowing exit from the STOP mode of the processor. The bit 
assignments are illustrated below, followed by a detailed 
description of each bit. 
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If the transition interrupt enable (TXIE) bit is 
set, the MCU will receive a SENDEC interrupt 
on the occurrence of each transition on the 


VPWIN line. 


If TXIE is low the TX interrupts are inhibited but 
the associated flags in the SENDEC Status 
Register (SEDSR) are still set (see discussion 
following). 


TXIE is cleared by RESET. 


When set, the No Delay (NDEL) bit sup- 
presses the 4064 tcyc delay which is normally 
introduced when exiting from the STOP mode 
via an interrupt. Instead of the 4064 tcyc delay 
a 128 tcyc delay is introduced. NDEL is 
intended for applications where the clock 
source to the HIP7030A2 continues to run 
when the device enters STOP mode or when a 
ceramic resonator based oscillator is used. 
NDEL should not be used when the 
HIP7030A2 is driven by a quartz crystal based 
oscillator. 


NDEL is cleared by RESET and POR. 


When set, the 4X bit causes the SENDEC 
symbol timing to be accelerated by a factor of 
four. Due to fixed delays in the loop back from 
VPWOUT to VPWIN, the 4X mode is only use- 
ful for receiving symbols. 4X mode is intended 
for high speed data linking between the 
HIP7030A2 and maintenance or test equip- 
ment which has capability to send at the accel- 
erated rate. 


Writing to the 4X bit is inhibited except when 
the NEW bit in the SENDEC Status Register 
(SEDSR) is set. 


Once modified, the new value of 4X doesn’t 
take effect until the next transition on the 
VPWIN pin. 


Receipt of a Break symbol on the VPWIN line 
will automatically clear 4X. 


RESET and POR clear the 4X bit. 


PRE1 and PREO control the SENDEC clock 
prescaler. The SENDEC circuit requires a fun- 
damental clock of 1MHz. To generate the 1MHz 
frequency, while allowing a choice of MCU oscil- 
lator frequencies, the PRE1 and PREO bits 
must be set to match the OSCIN frequency. 


TABLE 7. SENDEC PRESCALER BIT SELECTION 


the J1850 bus: 


Following RESET a window of 4 instructions is 
allowed for setting the PRE1 and PREO bits. 
Writes to these bits after the fourth instruction 
have no effect on their values. 


Table 7 gives the proper settings of PRE1 and 
PREO for various frequencies. 


RESET and POR force PRE1 to a 1 and PREO 
to a0, selecting the 10OMHz mode. 


SENDEC Status Register (SEDSR) 


The SENDEC Status Register (SEDSR, location $10) is an 
8-bit read-only register which contains seven status bits. 
One of the bits is a flag bit which correspond to the interrupt 
control bit in the SENDEC Control Register (discussed ear- 
lier). Three other bits provide error status information. 
Another two bits provide an indication of special symbols 
(Break, IFS) occurring on the bus. The final bit indicates the 
transmit status of the SENDEC. The bit assignments are illus- 
trated below, followed by a detailed description of each bit. 


p7}Tetsys{s{2{ + {ol 
_™ | Bak | New | Now | ovr | TALK | NEcHO| - | 


SEDSR (LOCATION $10) 


B7, TX The transition (TX) flag bit indicates that a tran- 
sition has occurred on the VPWIN line. The 
line is first filtered through the SENDECs 3-bit 
digital filter to reject noise. 


Once set the TX flag will interrupt the MCU if 
the TXIE bit in the SEDCR is set and the | bit in 
the condition code register is clear. TX is 
cleared by a sequence of first reading the 
SEDSR followed by reading or writing the 
SENDEC Data Register (SEDDR). 


Note that both TX and NEW will be set on the 
leading edge of an SOF. See description of the 
NEW flag below. 

TX is cleared by RESET. 


B6,BRK The break (BRK) bit indicates that a break 
symbol has been detected on the VPWIN line. 
BRK is set at the end of the break symbol, on 
the active to passive transition. 


Once set the BRK flag will interrupt the MCU if 
the | bit is cleared in the condition code regis- 
ter. BRK is cleared by a sequence of first read- 
ing the SEDSR followed by a read or write of 
the SEDCR. 


BRK is cleared by RESET. 


B5,NEW ‘The new frame (NEW) flag indicates that one 
of two possible events has been detected on 


The bus has been passive for at least an IFS 
nominal symbol time (i.e. - the bus is Idle) 


or 


A transition has occurred on the bus following 
an EOF minimum (i.e. - another node has 
started a new message). 
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NEW is set when either of these events is 
detected. In the case of a transition following 
an EOF, the TX bit is also set. 


When NEW goes from a 0 to a 1, a SENDEC 
interrupt will be generated if the | bit is cleared 
in the CC register. The NEW interrupt can be 
cleared under software control by reading the 
SEDSR followed by writing the SEDCR. This 
only removes the source of the interrupt and 
does not clear the NEW bit. 


The NEW flag cannot be cleared by software. 
It is automatically cleared 128 (nominal) micro- 
seconds into the next (or current - if NEW was 
set by a transition following EOF) symbol. This 
is normally during the SOF of a new message. 
If the symbol is less than 128s in duration (an 
illegal SOF symbol), the NEW flag is cleared 
on the active to passive transition. 


Polling NEW provides a convenient means for 
software to determine that transmission of a 
new message can be commenced. 


NEW is cleared by all resets. 


The noise (NOIZ) flag indicates that a symbol 
shorter than a legal TV1 has been received. 
NOIZ is cleared by a sequence of first reading 
the SEDSR followed by reading or writing the 
SEDCR. 


NOIZ is cleared by RESET. 


The overrun (OVR) flag is set if TALK is set in 
the SEDSR and a minimum short symbol time 
(34us) has elapsed since the last transition 
and no write to the SEDDR has taken place. 
An overrun condition is a serious error and the 
user should treat it as such. When OVR is set it 
automatically forces the VPWOUT pin to a low 
level. OVR is cleared by a sequence of first 
reading the SEDSR followed by reading or 
writing the SEDCR. 


Setting of OVR is inhibited while NEW is true in 
the SEDSR. 


OVR is cleared by RESET. 


The transmit (TALK) flag is set if the 
HIP7030A2 is actively transmitting symbols via 
the SENDEC. TALK is set by writing a non- 
zero to the SEDDR (see SENDEC Data Regis- 
ter for details). 


The TALK bit is cleared by writing a $00 to the 
SEDDR, when NECHO is set, or when OVR is 
set. 


TALK is cleared by RESET. 


The No Echo Received (NECHO) flag is set if, 
during the process of transmitting a symbol, 
the expected echo of the symbol is not 
received. This event will cause the VPWOUT 
pin to be forced to a 0 level. Setting of NECHO 
automatically clears the TALK bit. 


The time required to detect an echo failure is 
dependent on many factors. The minimum time 
to detect a failure is 1051s (26s in 4X mode) and 
the maximum time to detect a failure is 512s. 


When NECHO goes from a low to a high level, 
a SENDEC interrupt will be generated if the | 
bit is cleared in the CC register. NECHO must 
go low then high again to generate another 
interrupt. 


NECHO is cleared by a sequence of first read- 
ing the SEDSR followed by reading or writing 
the SENDEC Data Register (SEDDR). 


NECHO is cleared by all resets. 


SENDEC Data Register 


The SENDEC Data Register (SEDDR, location $11) is an 8- 
bit read/write register which contains one write-only bit, three 
read/write bits, and four read-only bits. The write only bit trig- 
gers SOF symbols required to initiate new transmissions, the 
three read/write bits are used to specify transmitted symbol 
durations, and the four read only bits uniquely identify the 
received J1850 symbol. Reading the SEDDR at anytime pro- 
vides the received symbol which resulted from the last transi- 
tion of VPWiIn. When writing data to the SEDDR, the value 
represents the duration of the symbol currently being transmit- 
ted. The bit assignments are illustrated below, followed by a 
detailed description. 
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B7, FSOF Writing a 1 to the Force Start of Frame (FSOF) 
bit while simultaneously writing a non-zero 
value to S2-0, causes the VPWOUT to immedi- 
ately go active (high level). The low to high 
transition will eventually be reflected on the 
VPWIN line causing a TX interrupt. Upon 
receipt of the TX interrupt an SOF symbol (S2- 
0 = 3) must be written to the SEDDR to time 
the high SOF. 


Setting the FSOF bit can only be done when the 
NEW flag is set in the SENDEC Status Register 
(NEW is set when the J1850 bus is idle or dur- 
ing the first portion of an SOF symbol). 


FSOF is a write only bit. Reading FSOF always 
returns a O. 


B6, S2 When writing to the SEDDR, the three bits (S2-0) 
B5, S1 determine the transmitted symbol as shown in 
B4, SO Table 8. During a write to the SEDDR the S2-0- 


bits are ignored except in three specific situations: 
The NEW flag is high in the SEDSR) 
or 


A transition has been received on the VPWIN 
pin, from the bus, within the past 34ys 


or 
S2-0-bits = 0 
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In the first two cases, each write to the SEDDR 
will produce one properly timed symbol on the 
VPWOUT pin. The completion of the symbol is 
reported to the controller, not at the end of the 
transmitted symbol, but at the end of the sym- 
bol echoed back via the VPWIN input. Writing 
the FSOF bit, in conjunction with S2-0 = 3, pro- 
duces the initial transition for the SOF symbol. 
All timing for a message begins with the receipt 
of that transition. 


Writing a $00, at anytime, immediately dis- 
ables transmissions (forcing the VPWOUT pin 
low) and clears the TALK bit in the SEDSR. 
This is the preferred method to end transmis- 
sions. 


RESET doesn’t affect S2-SO 
TABLE 8. $2-S1 SYMBOL ENCODING 


__s2_ | st_|_80_|_TRANSowIT SYMBOL | 
ee ee oe oe 


B3,LEV These four bits uniquely identify all symbols 
Bo Ro received via the VPWIN pin. The symbol 

. decoding map is shown in Table 9. R2-0 repre- 
B1, R1 sent the duration of the symbol and LEV repre- 
BO. RO sents the level of the symbol (active or 


passive) 


These bits are only updated upon detection of 
a bus transition and therefore reflect the last 
symbol received. An exception to this is for an 
Idle bus. When an Idle has been detected the 
values in R2-RO and LEV are immediately 
updated - no bus transition is necessary. 


R2-RO = 101 with LEV = 0 indicates that the 
bus is currently Idle. 


Note that R2-0 combinations of 110 and 111 
will not be produced by the SENDEC. A value 
of 101 represents all durations equal to and 
beyond an IFS/IDLE (for the passive case) and 
a BREAK (for the active case). 


RESET does not affect LEV or R2-RO. 


When a transition is detected on VPWIN, the received sym- 
bol is decoded and made available for reading via the 
SEDDR. The TX bit is set in the SEDSR and, if TXIE is high 
in the SEDCR, an interrupt will be generated. Once the tran- 
sition is detected the next symbol begins timing out. A new 
symbol must be written to the SEDDR, before the minimum 


transmit time for a short symbol has elapsed (34s). Failure 
to write to the SEDDR in time will result in the OVR bit being 
set and transmission aborted. This is a safety precaution to 
prevent “streaming” messages. 


The control routines should verify that the symbol sent 
matches the symbol received. A mismatch indicates the 
device has lost control of the bus. It is up to the user code to 
handle the collision, in terms of disabling the SENDEC, re- 
queueing of the message, filtering the incoming message, etc. 


TABLE 9. R2-RO AND LEV SYMBOL DECODING 


[a2 [Ai _[ AO | tev | Pecalve Symbol 
0 [0 [0 |__| Passvencse 
To [0 [0 | + _| retvenose 


In the receive mode (i.e. - no writes to the SEDDR) the con- 
troller typically responds to the TX interrupts and reads the 
incoming symbols as they become available, performing 
necessary real-time operations such as filtering messages, 
computing and verifying CRCs, and issuing IFRs. 


Computer Operating Properly 
(COP) System 


INTRODUCTION 


The Computer Operating Properly (COP) system is com- 
prised of two basic circuit components. One is a free running 
watchdog timer which, left unattended, generates a periodic 
MCU reset. The second is a Slow Clock Detect circuit which 
constantly monitors the OSCIN line for activity. A lack of 
activity on OSCIN will generate a reset. 


Both circuits are capable of generating a COP interrupt 
which forces an MCU reset and restarts operation at the vec- 
tor specified by’ the contents of location $1FFA,$1FFB. 
Because the COP interrupt behaves as a reset, the stack 
pointer is cleared and exiting the COP interrupt software 
handler must be done via a jump instruction as opposed to 
an RTI or RTS. 
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The Watchdog Status Register (WSR, location $1E) con- 
tains a flag (Watchdog Flag, bit 0) which is set whenever a 
Watchdog Timer overflow interrupt occurs. The flag is 
cleared by RESET, POR, and Slow Clock Detect and can 
therefore be used to distinguish the type of COP reset 
(Watchdog timeout vs. Slow Clock Detect) which has 
occurred. 


Operation of each of the two circuits is detailed in the follow- 
ing discussion. 


SLOW CLOCK DETECT CIRCUIT 


The Slow Clock Detect Circuit consists of a reset-able timer 
element. The timer is constructed with integrated resistive 
and capacitive components. Each positive transition on the 
OSCIN line reinitializes the timer. In the absence of frequent 
enough transitions on the input, the timer will eventually 
reach a preset limit at which point the MCU will be reset via a 
COP interrupt. 


When the frequency has dropped below the preset threshold 
a COP reset will take place. A COP reset is identical to a 
POR or RESET pin reset, except the restart vector is the 
COP Vector. Following the COP reset the HIP7030A2 is held 
reset until the start-up timeout of 4064 clocks has been 
reached. During the 4064 clocks the Slow Clock Detect cir- 
cuit is inhibited. If at the end of the 4064 clocks the fre- 
quency remains below the threshold, a COP reset will 
immediately take place again. 


The primary purpose of this circuit is to force the HIP7030A2 
off of the J1850 and SPI busses should the oscillator circuit 
fail. Due to variability of integrated resistors and capacitors 
there is a non-critical spread in the timeout specification of 
approximately 5:1. Maximum frequency threshold is 500kHz. 
Refer to Electrical Specifications for details. 


There is no means to disable the Slow Clock Detect. RESET 
resets the Slow Clock Detect circuit and holds it reset until 
the start-up timeout of 4064 clocks has been reached and 
the RESET pin has gone high. 


WATCHDOG TIMER 


The Watchdog Timer is a free-running 21 stage counter 
which divides the OSCIN input by 2,097,152. The Timer is 
software reset-able, and must be constantly reset before the 
terminal count is reached. Failure to reset the Watchdog 
Timer, in due time, results in a forced MCU RESET via a 
COP interrupt. 
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Resetting the Watchdog Timer requires two distinct opera- 
tions. A write of the value $55 to the Watchdog Reset Regis- 
ter (WRR, location $1D) must be followed by a write of the 
value $AA to the WRR. There is no limit on the time between 
the writes, other than both must take place before the 
Watchdog Timer has reached its limit. Typically the two 
writes are placed in distinct sections of code, which can only 
be reached by proper flow through the software. 


Each time that the Watchdog Timer is successfully cleared 
the Watchdog Flag in the WSR is also cleared. The Watch- 
dog flag is also cleared by POR, RESET, and Slow Clock 
Detect. It is set by a Watchdog Timer overflow and can be 
used to distinguish a Slow Clock Detect reset from the 
Watchdog reset, both of which share the COP reset vector 
($1FFA,$1FFB). 
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Watchdog timeout periods for various OSCIN frequencies 
are given in Table 10. 


There is no mechanism to disable the Watchdog Timer. 
RESET clears the Watchdog Timer to its initial value. 


TABLE 10. WATCHDOG TIMEOUTS FOR COMMON OSCIN 
FREQUENCIES 


WATCHDOG OSCIN FREQUENCY 
TIMEOUT (MHz) 


eC 


Effects of Stop and Wait Modes on the 
Timer, COP, and Serial Systems 


INTRODUCTION 


The STOP and WAIT instructions have different effects on the 
programmable timer, VPW Symbol Encoder/Decoder (SEN- 
DEC), and serial peripheral interface (SPI) systems. These 
effects are discussed separately below. 


STOP MODE 


When the processor executes the STOP instruction, the 
internal oscillator is turned off. This halts all internal CPU 
processing including the operation of the programmable 
timer, serial communications interface, and serial peripheral 
interface. The only way for the MCU to “wake up” from the 
STOP mode is by receipt of an external interrupt (logic low 
on IRQ pin), a negative edge on the VPWIN pin, or by the 
detection of a RESET (logic low on RESET pin or a power- 
on reset). Execution will resume at the instruction immedi- 
ately following the STOP instruction that caused the 
HIP7030A2 to enter the STOP mode. 


Normally a start-up delay of 4064 tcyc is inserted after exit- 
ing from STOP before fetching the first instruction. This delay 
is intended to guarantee stability of a crystal clock source. If 
it is known that the clock source will be stable prior to exiting 
STOP, then the NDEL bit in the SEDCR can be set prior to 
executing the STOP instruction. Setting NDEL has the effect 
of shortening the start-up delay to 128 tCYC. 


The effects of the STOP mode on each of the MCU systems 
(COP, Timer, SENDEC, and SPI) are described separately in 
the following sections. 
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COP During STOP Mode 


When the MCU enters the STOP mode, the Watchdog Timer 
and the Slow Clock Detect circuits are both inhibited. 


Timer During STOP Mode 


When the MCU enters the STOP mode, the timer counter 
stops counting (the internal processor is stopped) and 
remains at that particular count value until the STOP mode is 
exited by an interrupt (if exited by RESET the counter is forced 
to $FFFC). If the STOP mode is exited by an external low on 
the IRQ pin, then the counter resumes from its stopped value 
as if nothing had happened. Another feature of the program- 
mable timer, in the STOP mode, is that if at least one valid 
input capture edge occurs at the TCAP pin, the input capture 
detect circuitry is armed. This action does not set any timer 
flags or “wake up” the MCU, but when the MCU does “wake 
up” there will be an active input capture flag (and data) from 
that first valid edge which occurred during the STOP mode. If 
the STOP mode is exited by an external reset (logic low on 
RESET pin), then no such input capture flag or data action 
takes place even if there was a valid input capture edge (at the 
TCAP pin) during the MCU STOP mode. 


SENDEC During STOP Mode 


When the MCU enters the STOP mode, the absence of any 
internal clocks causes all SENDEC functions, except Wake 
Up to cease. If the SENDEC was currently being used to trans- 
mit a symbol, that symbol is truncated and the VPWOUT is 
forced to a low (passive) state. For proper operation, a STOP 
instruction should not be executed except when the bus is Idle. 


Normally all transitions are first filtered through the SEN- 
DECs three bit digital filter. When in STOP mode the 3-bit fil- 
ter is bypassed and any passive to active transition (high to 
low) on VPWIN will cause a SENDEC interrupt which will, in 
turn, cause the processor to exit the STOP mode. 


Upon exiting the STOP mode the processor will execute a 
SENDEC interrupt. The setting of the TX bit in the SEDSR 
does not bypass the 7, filter and as such the TX bit will not 
be set when first awakening from STOP. If the NDEL bit has 
been set prior to entering STOP, software should delay 81s 
and check TX. If at that time TX has not been set, the 
assumption can be made that a noise pulse caused the 
wakeup and the STOP mode can be reentered. When NDEL 
is not employed monitoring of TX must continue for several 
hundred microseconds, as a complete message could have 
transpired during the oscillator start-up time. 


During handling of a SENDEC interrupt following STOP, the 
SEDSR must be read at least one time to remove the source 
of the interrupt. 


SPI During STOP Mode 


When the MCU enters the STOP mode, the baud rate gener- 
ator which drives the SPI shuts down. This essentially stops 
all master mode SPI operation. To ensure the SPI bus 
remains free for transfers, the MSTR bit in the SPCR is 
cleared, configuring the SPI pins in slave mode. If the STOP 
instruction is executed during an SPI transfer, in which the 
HIP7030A2 was the master, that transfer is aborted. If the 
STOP mode is exited by a RESET, then the appropriate con- 


troV/status bits are cleared and the SPI is disabled. If the 
device is in the slave mode when the STOP instruction is 
executed, the slave SPI will still operate. It can still accept 
data and clock information in addition to transmitting its own 
data back to a master device. 


At the end of a possible transmission with a slave SPI in the 
STOP mode, no flags are set until an IRQ or SENDEC inter- 
rupt results in an MCU “wake up”. Caution should be 
observed when operating the SPI (as a slave) during the 
STOP mode because none of the protection circuitry (write 
Collision, mode fault, etc.) is active. 


WAIT MODE 


When the MCU enters the WAIT mode, the CPU clock is 
halted. All CPU action is suspended; however, the timer, 
SENDEC, and SPI systems remain active. In fact an inter- 
rupt from the timer, SENDEC, or SPI (in addition to a logic 
low on the IRQ or RESET pins) causes the processor to exit 
the WAIT mode. Since the three systems mentioned above 
operate as they do in the normal mode, only a general dis- 
cussion of the WAIT mode is provided below. 


Note that the Slow Clock Detect and Watchdog Timer cir- 
cuitry continues to function during WAIT. It is requisite upon 
the designed to ensure that the CPU is removed from WAIT 
(via an external or TIMER or SENDEC interrupt) frequently 
enough to prevent a Watchdog Timer overflow. 


The WAIT mode power consumption depends on how many 
systems are active. The power consumption will be highest 
when all the systems (timer, TCMP, SENDEC, and SPI) are 
active. The power consumption will be the least when the 
SENDEC and SPI systems are disabled (timer operation 
cannot be disabled in the WAIT mode). If a non-RESET exit 
from the WAIT mode is performed (i.e., timer overflow inter- 
rupt exit), the state of the remaining systems will be 
unchanged. If a RESET exit from the WAIT mode is per- 
formed all the systems revert to the disabled reset state. 


Instruction Set 


The MCU has a set of 62 basic instructions. They can be 
divided into five different types: register/memory, read- mod- 
ify-write, branch, bit manipulation, and control. The following 
paragraphs briefly explain each type. All the instructions 
within a given type are presented in individual tables. 


Register/Memory Instructions 


Most of these instructions use two operands. The first oper- 
and is either the accumulator or the index register. The sec- 
ond operand is obtained from memory using one of the 
addressing modes. The operand for the jump unconditional 
(JMP) and jump to subroutine (JSR) instructions is the pro- 
gram counter. Refer to Table 11. 


Read-Modify-Write Instructions 


These instructions read a memory location or a register, mod- 
ify or test its contents, and write the modified value back to 
memory or to the register. The test for negative or zero (TST) 
instruction is an exception to the read-modify-write sequence 
since it does not modify the value. Refer to Table 12. 
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TABLE 11. REGISTER/MEMORY INSTRUCTIONS 


ADDRESSING MODES 
INDEXED INDEXED INDEXED 
IMMEDIATE DIRECT EXTENDED (NO aa a OFFSET) peer ane 
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Compare 
A with Memory 
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E 
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Arithmetic CPX 
Compare X 


with Memory 


Bit Test Memory 
with A (Logical 
Compare) 


Jump 
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Jump to JSR 
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FUNCTION 


Increment 


Decrement Cie 


ea _fent- 


Negate 
(2’s Complement) 


Rotate Left Thru 
Carry 


Rotate Right Thru 
Carry 


Logical Shift Left ust | 
Logical Shift Right in 
Arithmetic 
Shift Right 


Test for Negative or 
Zero 


Multiply 


TABLE 12. READ-MODIFY-WRITE INSTRUCTIONS 


INHERENT (A) INHERENT (X) 
NO. OP NO. 
eonk ace CYCLES} CODE ae CYCLES 
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ao 
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nn 


on 
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ADDRESSING MODES 
INDEXED INDEXED 
DIRECT (NO OFFSET) 8-BIT OFFSET) 
oP NO. 
CODE Bree eyes pe see yee cone Bvins CYCLES 
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Branch Instructions 


Most branch instructions test the state of the condition code 
register and if certain criteria are met, a branch is executed. 
This adds an offset between -127 and +128 to the current 
program counter. Refer to Table 13. 


TABLE 13. BRANCH INSTRUCTIONS 


RELATIVE | 
| 
OP NO. NO. 
FUNCTION CODE | BYTES | CYCLES 


smovow pow = [= [a 
sommes [on | @ |e | 2 


Branch IFF Lower or BLS 23 

Same 

Branch IFF Carry BCC 24 2 
Clear 

(Branch IFF Higher or | (BHS) 24 

Same) 


semnrreoneal eof = | 2 | a 
fewrriomn [eol = |e | > 
emnernacaa| ove | a | 2 | 3s 
emnerewn [oo a |e | 3 


Branch IFF Half Carry | BHCC 

Clear 

Branch IFF Half Carry | BHCS Los 
Set 


semnerms [oxfam |e |e _ 
peorme [ete tee 


Branch IFF Interrupt 

Mask Bit is Clear 

Branch IFF Interrupt 

Mask Bit is Set 

Branch IFF Interrupt BIL 
Line is Low 

Branch IFF Interrupt 

Line is High 


Steep te 


Bit Manipulation Instructions 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space except for 
ROM, port D data location ($03), serial peripheral status reg- 
ister ($O0B), serial communications status register (10), timer 
status register ($13), and timer input capture register ($14 - 
$15). All port registers, port DDRs, timer, two serial systems, 
on-chip RAM, and 48 bytes of ROM reside in the first 256 
bytes (page zero). An additional feature allows the software 
to test and branch on the state of any bit within the first 256 
locations. The bit set, bit clear, and bit test and branch func- 
tions are all implemented with a single instruction. For the 
test and branch instructions, the value of the bit tested is 
automatically placed in the carry bit of the condition code 
register. Refer to Table 14. 


TABLE 14A. BIT MANIPULATION INSTRUCTIONS 


BIT | BITSETICLEAR 
OP NO. NO. 
FUNCTION CODE | BYTES |CYCLES 


Set Bit n BSET 10 + 2en 
n(n=0...7) 

Clear Bit n BCLR 11+2n 
nMm=S0...7) 


TABLE 14A. BIT MANIPULATION INSTRUCTIONS 


BIT | BITTEST AND BRANCH | AND BRANCH 
OP NO. NO. 
FUNCTION CODE | BYTES |CYCLES 
Branch |IFF BRSET 
Bit n is Set nine=0...7) 
Branch IFF BRCLR 01 + 2en 
Bitnis Clear |n(n=0...7) 


9-92 


HIP7030A2 


Control Instructions 


These instructions are register reference instructions and 
are used to control processor operation during program exe- 
cution. Refer to Table 15. 


TABLE 15. CONTROL INSTRUCTIONS 


INHERENT 
OP NO. NO. 
FUNCTION CODE | BYTES | CYCLES 


Clear Interrupt Mask CLI 
Bit 


Return from Interrupt 
Reset Stack Pointer 


Alphabetical Listing 


The complete instruction set is given in alphabetical order in 
Table 16. 


Opcode Map 


Table 17 is an opcode map for the instructions used on the 
MCU. 


Addressing Modes 


The MCU uses ten different addressing modes to provide the 
programmer with an opportunity to optimize the code to all situ- 
ations. The various indexed addressing modes make it possible 
to locate data tables, code conversion tables, and scaling tables 
anywhere in the memory space. Short indexed accesses are 
single byte instructions, while the longest instructions (three 
bytes) permit accessing tables throughout memory. Short 
absolute (direct) and long absolute (extended) addressing are 
also included. One and two byte direct addressing instructions 
access all data bytes in most applications. Extended address- 
ing permits jump instructions to reach all memory. Table 17 
shows the addressing modes for each instruction, with the 
effects each instruction has on the condition code register. 


The term “effective address” (EA) is used in describing the vari- 
ous addressing modes, and is defined as the byte address to or 
from which the argument for an instruction is fetched or stored. 
The ten addressing modes of the processor are described 
below. Parentheses are used to indicate “contents of” the loca- 
tion or register referred to; e.g., (PC) indicates the contents of 
the location pointed to by the PC. An arrow indicates “is 
replaced by”, and a colon indicates concatenation of two bytes. 


Inherent 


In inherent instructions, all the information necessary to exe- 
cute the instruction is contained in the opcode. Operations 
specifying only the index register or accumulator, and no 
other arguments, are included in this mode. 


Immediate 


In immediate addressing, the operand is contained in the byte 
immediately following the opcode. Immediate addressing is 
used to access constants which do not change during program 
execution (@.g., a constant used to initialize a loop counter). 


EA=PC +1;PC —PC+2 
Direct 


In the direct addressing mode, the effective address of the 
argument is contained in a single byte following the opcode 
byte. Direct addressing allows the user to directly address the 
lowest 256 bytes in memory with a single two byte instruction. 
This includes most on-chip RAM and all I/O registers. Direct 
addressing is efficient in both memory and time. 


EA = (PC +1); PC + PC +2 
Address Bus High 0; Address Bus Low < (PC + 1) 
Extended 


In the extended addressing mode, the effective address of 
the argument is contained in the two bytes following the 
opcode. Instructions with extended addressing modes are 
capable of referencing arguments anywhere in memory with 
a single three-byte instruction. 


EA = (PC +1):(PC +2); PC «+ PC +3 
Address Bus High <- (PC + 1); Address Bus Low ¢ (PC + 2) 
indexed, No Offset 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index regis- 
ter. Thus, this addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is used to move a pointer through a table or 
to address a frequently referenced RAM or I/O location. 


EA=X;PC «PC +1 
Address Bus High < 0; Address Bus Low < X 
indexed, 8-Bit Offset 


Here the EA is obtained by adding the contents of the byte 
following the opcode to that of the index register; therefore, 
the operand is located anywhere within the lowest 511 mem- 
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ory locations. For example, this mode of addressing is useful 
for selecting the mth element in a n element table. All 
instructions are two bytes. The content of the index register 
(S) is not changed. The content of (PC + 1) is an unsigned 8- 
bit integer. One byte offset indexing permits look-up tables to 
be easily accessed in either RAM or ROM. 


EA=X+(PC+1);PC«+PC+2 

Address Bus High < K; Address Bus Low < X + (PC + 1) 
where: K = the carry from the addition of x + (PC + 1). 
indexed, 16-Bit Offset 


In the indexed, 16-bit offset addressing mode, the effective 
address is the sum of the contents of the unsigned 8-bit index 
register and the two unsigned bytes following the opcode. 
This addressing mode can be used in a manner similar to 
indexed 8-bit offset, except that this three byte instruction 
allows tables to be anywhere in memory (e.g., jump tables in 
ROM). The content of the index register is not changed. 


EA =X+[(PC + 1): (PC +2)]; PC —PC+3 

Address Bus High — (PC + 1) +K 

Address Bus Low < X + (PC + 2) 

where: K = The carry from the addition of X + (PC + 2). 
Relative 


Relative addressing is only used in branch instructions. In 
relative addressing, the content of the 8-bit signed byte fol- 
lowing the opcode (the offset) is added to the PC if and only 
if the branch condition is true. Otherwise, control proceeds to 
the next instruction. The span of relative addressing is lim- 
ited to the range of -126 to +129 bytes from the branch 
instruction opcode location. 


EA=PC+2+(PC +1); PC < EA if branch taken; 
otherwise, EA = PC — PC +2. 
Bit Set/Clear 


Direct addressing and bit addressing are combined in 
instructions which set and clear individual memory and I/O 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address in the location following the opcode. The 
first 256 addressable locations are thus accessed. The bit to 
be modified within that byte is specified in the first three bits 
of the opcode. The bit set and clear instructions occupy two 
bytes, one for the opcode (including the bit number) and the 
other to address the byte which contains the bit of interest. 


EA=(PC+1);PC «+ PC+2 
Address Bus High <« 0; Address Bus Low < (PC + 1). 
Bit Test and Branch 


Bit test and branch is a combination of direct addressing, bit 
set/clear addressing, and relative addressing. The actual bit to 
be tested, within the byte, is specified within the low order nib- 
ble of the opcode. The address of the data byte to be tested is 
located via a direct address in the location following the 


opcode byte (EA1). The signed relative 8-bit offset is in the 
third byte (EA2) and is added to the PC if the specified bit is 
set or cleared in the specified memory location. This single 
three byte instruction allows the program to branch based on 
the condition of any bit in the first 256 locations of memory. 


EA1 = (PC +1) 
Address Bus High Q 0; Address Bus Low < (PC + 1) 
EA2 = PC +3 +(PC + 2); PC < EA2 if branch taken; 


otherwise, PC — PC +3. 


Power Considerations 


The average chip-junction temperature, Tj, in °C can be 
obtained from: 


Ty = Ta + (PDe@ ja) 
Where: T, = Ambient Temperature, °C 


(EQ. 1) 


85a = Package Thermal Resistance 
Junction-to-Ambient, °C/W 


Pp = Pint + Pyo 
Pint = loc*Vcc, Watts - Chip Internal Power 


Pio = Power Dissipation on Input and Output 
Pins - User Determined 


For most applications Pyo < Piy7 and can be neglected. 


An approximate relationship between Pp and Ty, (if Pyo is 
neglected) is: 


Pp =K/ (Ty 2 273°C) (EQ. 2) 
Solving equations 1 and 2 for K gives: 
K = Po*(Ta + 273°C) + Oya2Pp* (EQ. 3) 


Where K is a constant pertaining to the particular part. K can 
be determined from Equation 3 by measuring Pp (at equilib- 
rium) for a know Ty. Using this value of K, the values of Pp 
and T, can be obtained by solving Equation 1 and Equation 
2 iteratively for any value of Ty. 


Vop 
Ro 
TEST 
POINT 
Cc Ry 
EQUIVALENT TESTLOAD (SEE TABLE FOR VALUES OF R; AND Ro) 


Vp = 4.5V 3.26kQ | 2.38kQ 


PAO - PA7, PDO - PD4 
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TABLE 16. INSTRUCTION SET 
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CONDITION 
ADDRESSING MODES CODES 


INDEXED BIT TEST 
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WAIT 


Condition Code Symbols: 


H = Half Carry (from Bit 3) A = Test and Set if True Cleared Otherwise 
| = Interrupt Mask ¢ = Not Affected 

N = Negate (Sign Bit) ? = Load CC Register From Stack 

Z = Zero 0 = Cleared C = Carry/Borrow 1 = Set 
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TABLE 17. HCMOS INSTRUCTION SET OPCODE MAP (Continued) 
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Abbreviations for Address Modes: 
INH = Inherent 
A = Accumulator 


X = Index Register HEXADECIMAL 
IMM = Immediate 
DIR = Direct OPCODE IN 
BINARY 
EXT = Extended 
REL = Relative lee 
BYTES 


BSC = Bit Set/Clear 
. ADDRESS 
BTB = Bit Test and Branch CYCLES MODE 
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PRELIMINARY J1850 8-Bit 68HC05 Microcontroller 
April 1994 8K EEPROM Version 
Features Description 
¢ Direct Replacement for HIP7030A2/A8 Microcontrollers The HIP7038A8 HCMOS Microcomputer is an EEPROM 
- All Hardware and Software Features version of the HIP7030A family of low-cost single-chip J1850 


microcontrollers. These microcontrollers provide the system 

designer with a complete set of building blocks for imple- 

¢ Memory menting a “Class B” VPW multiplexed communications 

- 176 Bytes of RAM network interface, which fully complies with SAE Recom- 

mended Practice J1850. The HIP7038A8 contains all hard- 

- 7744 Bytes of Programmable EEPROM ware and software features of the HIP7030A2/A8 

- 242 Bytes of Bootstrap Program microcontrollers with equivalent timing, performance charac- 
teristics, and an identical footprint. 


- Equivalent Timing and Performance 


¢ Single 5V Supply 
The device can be programmed using the HIP7038A8 
EEPROM Programmer available from Harris. In-circuit Emu- 
lation Tools are also provided for system development. 


e 10MHz Operating Frequency (5.0MHz Internal Bus 
Frequency) at 5V. 


e 28 Lead Small Outline Ceramic Package 


- Same Terminal Assignment as HIP7030A2 


and HIP7030A8 Ordering Information 


TEMPERATURE 
PART NUMBER RANGE PACKAGE 


HIP7038A8F -40°C to +85°C | 28 Lead Ceramic SOIC 


Pinout 


HIP7038A8 (SOIC FLATPACK) 
TOP VIEW 


MULTIPLEX 
COMM. CIRCUITS 


PD2, V2 
18] PD3, V3 
PD4, VREF 
16] OSCB 
PAO 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 36 47.1 
Copyright © Harris Corporation 1994 9.99 


Block Diagram 


PORT D/O LINES 


PORT A V/O LINES 


1 
TIMER SYSTEM 


TCMP 
2 


Vss 22 
Vpop 7 


PORT D | PORT D 


SFR 
REG 


DATA 
DIR 
REG 


DIR 
REG 


HIP7038A8 


INTERNAL OSCIN OSCOUT 


PROCESSOR 
CLOCK 24 23 46 
OSCILLATOR OSCcB : 
AND + 2 RESET 
iRQ 
ACCUMULATOR SYMBOL INT 


: . A CPU 
a CONTROL VPW SYMBOL VPWOUT 
8 X ENCODER / VPwl 
CONDITION DECODER 
CODE AND 
REGISTER ARBITRATION 
cc 
STACK 25 
¢ POINTER ‘in ae? SCK 
MOSI 
PROGRAM SYSTEM | 27 cae 
COUNTER 2 
HIGH ss 
PCH 
PROGRAM 
COUNTER INTERNAL 
Low PROCESSOR 
PCL CLOCK 
7744 x8 
EEPROM 176 x8 WATCHDOG AND 
STATIC RAMI | s_ow CLOCK DETECT 
242 x8 
BUILT-IN-TEST 
EEPROM 


9-100 


Specifications HIP7038A8 


Absolute Maximum Ratings 


Thermal Information 


Supply Voltage (Von) «<:0s cscs acancesesan ewan -0.3V to+6.0V Operating Temperature Range (T,)............. -40°C to +125°C 

Input or Output Voltage Storage Temperature Range (Tstq) .......---.- -65°C to +150°C 
PRG WH Veg ClOES ccc ensactsancasnses -0.3V tO Vpp +0.3V Junction Temperature .... 1... cece reece een ceneren +150°C 
Pins without Vpp Diode. ............... eee -0.3V to+10.0V Lead Temperature (During Soldering) ................. +265°C 

Current Drain Per Pin, | (Excluding Vpp and Vgs) ......... 25mA 1/16in. + 1/32in. (1.59 + 0.79mm) from case for 10s Max. 

Eo CAGSSICAUON on ccacas nc oeGdw dees seen eae saws OU Class 2 

alts COU ocx ae eee nes eee ay dG aera pede se eeand 21000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range................000ee +4.5V to+5.5V = Input High Voltage... .. 2... eee eee ee eee (0.8°Vpp) to Vop 

Operating Temperature Range................. -40°C to +85°C Input Rise and Fall Time 

MDIA LOW VONAGE «csc oes ec eeee eed ened dee whew eds OV to +0.8V ils We 6s ccndetse st avesas eas dha a enew es 100ns Max. 
CMOS SCM MOUS . osu caus con eee e ewes naarenws Unlimited 


DC Electrical Specifications —Vpp = 5Vpc +10%, Vg = OVpc, Ta = -40°C to +85°C Unless Otherwise Specified. 


SUPPLY CURRENT 


NOTE: 


1. This device contains circuitry to protect the inputs against damage due to high static voltages of electric fields; however, it is advised that 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For 
proper operation it is recommended that Vj, and Voyrz be constrained to the range Vss<(Vin Or Voyt)<Vpp. Reliability of operation is 
enhanced if unused inputs except OSC2 are connected to an appropriate logic voltage level (e.g., either Vsg or Vpp). 


Powerdown Input Voltage: 
RESET, IRQ, VPWIN, OSCIN 
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Functional Description 


The HIP7038A8 MCU is functionally identical to the 
HIP7030A2 and HIP7030A8 microcontrollers. The device 
differs only in that the on-board masked ROM has been 
replaced with EEPROM, which allows the device to be 
rapidly programmed by the user. For detailed information 
about the functions included on the HIP7038A8 refer to File 
Number 3646, the technical specification of the HIP7030A2 
Microcontroller. Only differences are presented here. 


The availability of the HIP7038A8 dramatically reduces the 
time-to-market of new products by providing the develop- 
ment engineer rapid feedback during the design phase of a 
HIP7030A2/8 project. 


The EEPROM is reusable and can be reprogrammed up to 
10* times. 


Saeaee2eaenaa2aenen2e 


$0000 


PORTS 


$001F 2 BYTES 


$0020 


$004F 
$0050 


SERIAL PERIPHERAL 
INTERFACE 
3 BYTES 


UNUSED 
2 BYTES 
SENDEC 


INTERFACE 
3 BYTES 


TIMER 
10 BYTES 
UNUSED 
1 BYTE 

TEST 

1 BYTE 

WATCHDOG 

2 BYTES 


RAM 
176 BYTES 


$OO0BF 
$00CO0 


0191 
0192 


$OOFF 
$0100 


0255 
0256 


USER ‘ 
ROM 
7680 BYTES 


S1EFF 
$1F00 


7935 
7936 


BUILT-IN-TEST 


$1FE1 


S1FE2 256 BYTES 


BUILT-IN-TEST 
VECTORS 


$1FF1 
S1FF2 


8177 
USER 8178 
VECTORS 


14 BYTES 


$1 FFF 8191 


Memory Organization 


The HIP7038A8 MCU addresses 8192 bytes of memory and 
I/O registers with its program counter. Of these locations, 
8184 have been implemented as shown in Figure 1. The first 
256 bytes of memory (page zero) include: 24 bytes of I/O 
features such as data ports, the port DDRs, Timer, serial 
peripheral interface (SPI), and J1850 VPW Registers; 48 
bytes of user ROM, and 176 bytes of RAM. The next 7680 
bytes complete the user ROM. The Built-In-Test ROM (242 
bytes) is contained in memory locations $1FOO through 
$1FF1. The 14 highest address bytes contain the user 
defined reset and the interrupt vectors. Eight bytes of the 
lowest 32 memory locations are unused and the 176 bytes of 
user RAM include up to 64 bytes for the stack. Since most 
programs use only a small part of the allocated stack loca- 
tions for interrupts and/or subroutine stacking purposes, the 
unused bytes are usable for program data storage. 


PORT A DATA REGISTER 
PORT D DATA REGISTER 
PORT A DATA DIRECTION REGISTER 
PORT D DATA DIRECTION REGISTER 


PORT D SPECIAL FUNCTION REGISTER 


SERIAL PERIPHERAL CONTROL REGISTER 


UNUSED 
ros 
a 
[Wwarond0a RESET REGISTER 


WATCHDOG RESET REGISTER 


WATCHDOG STATUS REGISTER 
TEST REGISTER (SEE NOTE) 


NOTE: Accessable in test mode only. 


FIGURE 1. MEMORY MAP OF THE HIP7038A8 
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PART 
NUMBER 


CA3165E 
CA3165E1 


CA3274 


HIP9010AB 


HIP9020AP 
HIP9020AB 


Special Function IC Selection Guide 


DESCRIPTION 


Electronic Switching Circuits for Ignition and 
Proximity Sensing in General Purpose 
Control Circuits Using Q-Loaded Inductive 
Sensor (Multiple Outputs). 


Speed Control System for Cruise Control 
and General Purpose Rate or Motion Control 
Feedback Applications. Self-Contained 


Controller with 9 bit D/A Memory (Multiple In- 


puts and Outputs). 


Power Switch with Current Limiting Feed- 
back Control and Current Limiter Sense 
Flag. Used for Ignition and Current Con- 
trolled Switching Applications. 


Analog signal processing IC suitable for 
engine “Knock” detection. Extensive signal 
processing is achieved in the frequency and 
time domain within the IC via microprocessor 
control through a “SPI” interface bus. 


Vehicle Speed Sensor (VSS) Buffer ICs with 
Pre and Post Scaler Dividers for processing 
Sinusoidal Waveforms from Magnetic Pickup 
Sensors with divide by 1, 6-11 Prescaling 
and 1, 2 Post Scaling Options (Multiple 
Ouputs). 


MAX 
SUPPLY 
VOLTAGE 


MAX 
SUPPLY 
CURRENT 


Intended to operate from 
same power supply as a 
microcontroller with a maxi- 
mum Vpp of 7V and has a 
maximum supply current of 
12mA at 5V. 


Shunt Regulator ~5.6V with 
Series Forward Diode/Resis- 
tor to Power Supply (Vpatt); 
or Use Ext. 5 +0.3V Power 
Supply (Max log = 12mA) 


SENSOR/INPUT 


Q-Loaded Self-Osc. 
Coil Pickup (~100yH) 


inductive Pickup with 
3.5V to 15V Range 
(Ext. RC Filter, 8.2kQ/ 
0.05yF Interface) 


0.4V to 2V Input 
Switching Thresholds 


(w/hysteresis) Source) 


5mV to 8 Vays Input 
(from piezoelectric 
type sensors). In the 
application, the useful 
dynamic signal range 
is less. 


Output signal, pin 4 
INOUT, is an analog 
voltage that ranges 
from approximately 
Vop to 0.5V. 


+(0.25 to 100)V with 
40kQ Ext. Series 
Current Limiting Re- 
sistor to Input 


CA3020 Multipurpose Differential Power Amplifier 3V to 12V 35mA +100mV 18V/25V 
CA3020A and Switch Control Circuit. 


Multipurpose Differential Programmable 
Power Switch and Power Amplifier with 
30MHz Unity Gain-BW. 
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+100mV, (100dB 


To 300mA] To 44V 
Gain, Adj. with Opera- 
tional Transconduc- 
tance Amplifier Input) 


FARRIS 


SEMICONDUCTOR 


CA3020 


Multipurpose Wide-Band Power Amps Military, Industrial 
and Commercial Equipment at Frequency Up to 8MHz 


tt 


April 1994 


Features 
¢ High Power Output Class B Amplifier 


Description 
The CA3020 and CA3020A are integrated-circuit, multi- 


- CA3020 ..... cece eeee neces 0.5W Typ. at Voc # +9V = Stage, multipurpose, wide-band power amplifiers on a single 
+ AGUIOR vp aaensaase sins ani 1.0W Typ. at Vog +12V. Monolithic silicon chip. They employ a highly versatile and 
: ; - stable direct coupled circuit configuration featuring wide 
Wide Frequency Range .. Up to 8MHz with Resistive Loads frequency range, high voltage and power gain, and high 
® High Power Gain... ccsscsccunusccansccenns 75dB Typ. 


¢ Single Power Supply For Class B Operation With Trans- 
former 


6 CASS oc cccanweeesseeeeessneanenvenses 3V to 9V 
= CAQ0O2Z0A cicccsceseccsvetcecsuscecneens 3V to 12V 


¢ Built-In Temperature-Tracking Voltage Regulator Provides 
Stable Operation Over -55°C to +125°C Temperature Range 


Applications 


e AF Power Amplifiers For Portable and Fixed Sound and 
Communications Systems 


e Servo-Control Amplifiers 
Wide-Band Linear Mixers 
¢ Video Power Amplifiers 


Transmission-Line Driver Amplifiers (Balanced and 
Unbalanced) 


Fan-in and Fan-Out Amplifiers For Computer Logic Circuits 
¢ Lamp-Control Amplifiers 

¢ Motor-Control Amplifiers 

¢ Power Multivibrators 


e Power Switches 


power output. These features plus inherent stability over a 
wide temperature range make the CA3020 and CA3020A 
extremely useful for a wide variety of applications in military, 
industrial, and commercial equipment. 


The CA3020 and CA3020A are particularly suited for service 
as class B power amplifiers. The CA3020A can provide a 
maximum power output of 1W from a 12VDC supply with a 
typical power gain of 75dB. The CA3020 provides 0.5W 
power output from a 9V supply with the same power gain. 


These types are supplied in hermetically sealed TO-101 style 12 
lead metal cans. Refer to AN5766 for application information. 


Ordering Information 
PART TEMPERATURE 
NUMBER RANGE 
CA3020 -55°C to +125°C 
CA3020A -55°C to +125°C +~=| 12 Pin Metal Can 


Pinout 


CA3020 (CAN) 
TOP VIEW 


OUTPUT 6 


Schematic Diagram 


The resistance values included on the schematic diagram have been supplied as a convenience to assist 
Equipment Manufacturers in optimizing the selection of “outboard” components of equipment designs. 
The values shown may vary as much as 30%. 

Harris reserves the right to make any changes in the Resistance Values provided such changes do not 
adversely affect the published performance characteristics of the device. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


10-3 


File Number 339.3 


m) 
tz 
<0 
OF 
WW © 
Oz 
n> 

iL 


Specifications CA3020, CA3020A 


Absolute Maximum Ratings 
Maximum Pin 9 Supply Voltage, Vcc; (Note 1) 


ee ee ee eer ee ere +10V 

CRC Ok: censvaduwvenendenawk i dadiwss case bud onsen +12V 
Maximum Pin 9 Supply Current, logy... cece cece eee eee 20mA 
Maximum Pin 11 Sink Current, leg ss <s00c sac ncessve enw 20mA 
Output Voltage, V, and V7 (Note 1) 

GAD020 60s cin cette ee nwee nee D ROTTEN eRe SRE R ess +25V 

GCAS0C0 Aisi a ccvieedsessdwase weereaweensaven bees +18V 
Oimioul Curent, 6. .0s2.cnc ee cease eweeees gudacen nes 300mA 
Input Voliage ange, Va. Viekncev cen sawetna deen wwe -2V to +2V 
Maximum Input Voltage, Vio (Ref to Pin 1)............0000ee -3V 
Maximum Source Current, Vai wsscescccscves ven cwse cous 1mA 


Thermal Information 


Thermal Resistance Bsa Bic 
Metal Can Package..............05- 135°C/\W = 60°C/W 
Power Dissipation Without Heat Sink 


AUT, ADC civics vccdavwancuvsweriane bbinndckows 1W 

Above Tg = 425°C cesses cvsecasss Derate Linearly 7.4mW/C 
Power Dissipation With Heat Sink 

AE Tee SBOP can cnx ncns sowsxandnannkevenad dueensws 2w 

At Ty 428°C 16 Ty 2 9S8"O vccvcnovn baw avec ousvwes 2W 

Above Te 2 455°C ss svsccsveeusss Derate Linearly 16.7 mW/°C 
Maximum Junction Temperature............. 0. eee eee +150°C 
Operating Temperature Range................ -55°C to +125°C 
Storage Operating Range.............. econ -65°C to +150°C 
Lead Temperature (Soldering 10s) ...........c0ceeeeee +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C 


Collector-to-Emitter Breakdown 
Voltage, Qg and Q; at 10mA 


Collector-to-Emitter Breakdown 
Voltage, Q, at0.1mA 


Idle Currents, Q, and Q, I, IDLE 
lz IDLE 
Peak Output Currents, Q, and Q, I4PK 
I,PK 
Cutoff Currents, Qg and Q, |, CUTOFF rg 
lz CUTOFF 


Differential — Current Drain a 


Q, Cutoff (Leakage) Currents: 
Collector-to-Emitter 


= 


ee 


Emitter-to-Base 
Collector-to-Base 


Forward Current Transfer Ratio, 
Q,; at 3mA 


Maximum Power Output for 
Rec = 130Q 


Maximum Power Output for 


Ree = 2002 

Sensitivity for Pout = 400mW, 

Rec = 1302 

Sensitivity for Poyy = 800mW, 

Rec = 2002 

Input Resistance - 10 
Terminal 3 to Ground 


NOTE: 


| TESTCONDITIONS | 
SEE ee DC SUPPLY 
PROCEDURE| VOLTAGE CA3020A 
PARAMETERS SYMBOL | FIGURE | Vocs | Veco | MIN | TYP | MAX | MIN | TYP | MAX | UNITS 


vem] A yy 
ves { of fy ty 


¢ 
rotenone ee 
loce 
{| Hie lad 
Terminal ee ~ 
7 


30.0 


75 


EEEEL SU EECEECE 


1. The voltage ratings for Pin 9, Pin 4 and Pin 7 are referenced to the V- (Pin 12). A normal bias configuration for Pin 8 and Pin 11 is shown 


in Figure 1B. Refer to Application Note AN5766 for other options. 


10-4 


Specifications CA3020, CA3020A 


Typical Performance Data (Note 1) A heat sink is recommended for high ambient temperature operation. 


[—SCSPARAMETERS ~———~=~=S*S*~*~*~*dtCS BOL | _CAGOZO_[ CADOR0A_[ UNIS 

[Voce | 90 | 20 |v 

Zero Signal Current Differential Amplifier a ee ee ee 
Maximum Signal Current Differential Amplifier a a 
Output Amplifier loco | 125 

C550 
5 


Power Gain 


Input Resistance 


Signal-to-Noise Ratio 


1. Refer to Figures 7 through 11 for measurement and symbol information. 


CA3020 
CA3020A 


5.1K 


5yF = 
3V 


FIGURE 1A. COLLECTOR-TO-EMITTER BREAKDOWN VOLT- FIGURE 1B. TYPICAL AUDIO AMPLIFIER CIRCUIT UTILIZING 
AGE (Q6 AND Q7) CIRCUIT THE CA3020 OR CA3020A AS AN AUDIO PREAM- 
PLIFIER AND CLASS B POWER AMPLIFIER 


FIGURE 1. 
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SPECIAL 
FUNCTIONS 


CA3020, CA3020A 


ptt tT tt yt 
= ett | 
~ i me aT 
EANGRZ 
BAW 270m 


+9V 
300 


+2V 


200 


POWER AMPLIFIER OUTPUT, I4, fy (mA) 


-25 440 25 50 £75 
75 SO 25 0 6-25 


lg “ON” 4+ I, “ON” 
DIFFERENTIAL AMPLIFIER INPUT, V23 (mV) 
FIGURE 2A. TEST SETUP FIGURE 2B. CHARACTERISTICS WITH R;jg SHORTED OUT 


FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


+9V t 
= 
—_ 
+2V : 
x 
ra 
ar : NL Ze ee 
Vo3 CA3020A = 100 \ = 
se L| NVIAA 
eet : LIAL 
0 
-25 : 
25 2s 
am mt “ON” “hs ly “ON” 
DIFFERENTIAL AMPLIFIER INPUT, V23 (mV) 
FIGURE 3A. TEST SETUP FIGURE 3B. CHARACTERISTIC WITH Rj IN CIRCUIT 


FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS 


+9V 


(MAX. l7 CURRENT 
WITH PIN 2 
RETURNED TO GND 
THROUGH 10k) 


POWER AMPLIFIER OUTPUT, l,, I7 (mA) 


(MAX. I, CURRENT 
WITH PIN 3 
RETURNED TO GND 0 1 2 3 4 
THROUGH 10kQ) POWER AMPLIFIER COLLECTOR VOLTAGE, V,, V7 (V) 


FIGURE 4A. TEST SETUP FIGURE 4B. CHARACTERISTIC 
FIGURE 4. “MINIMUM DRIVE” TYPICAL CURRENT-VOLTAGE SATURATION CURVE 
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CA3020, CA3020A 


locs 
Se a 
Voces t 
> 
+2V rd 
c 
pao ] 
oO 
ec 
Ww 
ive 
ms 
CA3020 s 
CA3020A * 
c 
Wa 
re 
be (54) ra 
a 
2 4 6 8 10 
= DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE (V) 
FIGURE 5A. TEST SETUP FIGURE 5B. DIFFERENTIAL AMPLIFIER CHARACTERISTICS 


OF Iccy CURRENT v8 Voc, VOLTAGE 


ZERO SIGNAL OUTPUT 
AMPLIFIER CURRENT (mA) 


DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE (V) 


FIGURE 5C. OUTPUT AMPLIFIER CHARACTERISTICS OF Iccg CURRENT vs Voc; VOLTAGE 
FIGURE 5. ZERO SIGNAL AMPLIFIER CURRENT vs DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE 


Icc1 
komen ren 


SPECIAL 
FUNCTIONS 


CA3020 
CA3020A 


ZERO SIGNAL DIFFERENTIAL 
AMPLIFIER CURRENT (mA) 


50 -25 0 25 50 75 100 125 150 
= AMBIENT TEMPERATURE (°C) 


FIGURE 6A. TEST SETUP FIGURE 6B. DIFFERENTIAL AMPLIFIER CHARACTERISTICS 
OF Icc, CURRENT vs AMBIENT TEMPERATURE 


FIGURE 6. ZERO SIGNAL AMPLIFIER CURRENT vs AMBIENT TEMPERATURE 
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CA3020, CA3020A 


ZERO SIGNAL OUTPUT 
AMPLIFIER CURRENT (mA) 


-50 0 50 100 150 
TEMPERATURE (°C) 


FIGURE 6C. OUTPUT AMPLIFIER CHARACTERISTICS OF Icgg CURRENT vs AMBIENT TEMPERATURE 
FIGURE 6. ZERO SIGNAL AMPLIFIER CURRENT vs AMBIENT TEMPERATURE (Continued) 


FIGURE 7. STATIC CURRENT AND VOLTAGE TEST CIRCUIT 
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CA3020, CA3020A 


PROCEDURES: 


. Apply desired value of Voc; and Veco. 
. Apply 1kHz input signal and adjust for @,, = S5mV (RMS). 
. Record the resulting value of @qy7 in dB (reference 


value). 


. Vary input-signal frequency, keeping e,,, constant at SmV, 


and record frequencies above and below 1kHz at which 
@ourt decreases 3dB below reference value. 


. Record bandwidth as frequency range between -3dB 


points. 


FIGURE 8. MEASUREMENT OF BANDWIDTH AT -3dB POINTS 


CA3020 
CA3020A 


NOTE: Push-pull output transformer; load resistance (R,) should be 
selected to provide indicated collector-to-collector load impedance 
(Rec). 


. Record value of ej, in mV (rms) required in Step 3 as Sen- 


. Calculate Transducer Power Gain (G,) in dB as follows: 


PROCEDURES: 


. Apply desired value of Voc; and Voce and reduce en to OV. 
. Record resulting values of Ioc; and Ioco in mA as Zero- 


Signal DC Current Drain. 


. Apply desired value of Voc; and Voce and adjust ej, to 


the value at which the Total Harmonic Distortion in the 
output of the amplifier = 10%. 


. Record resulting value of loc; and loco in mA as Maximum 


Signal DC Current Drain. 


. Determine resulting amplifier power output in watts and 


record as Maximum Power Output (Pour). 


. Calculate Circuit Efficiency (n) in % as follows: 


P 
nH = 100 St _____ . 
cci!oco1t Yocaloce 


where Poy is in watts, Voc; and Veco are in volts, and 
loc: and Ioce are in amperes. 


sitivity (ey). 


P 
OUT 


SPECIAL 
FUNCTIONS 


Gin2 

where P,,, (inmW) = ————______ 
IN 

3000 + Rin (40) (Note 1) 


NOTE: 
1. See Figure 10 for definition of Riso). 


FIGURE 9. MEASUREMENTS OF ZERO-SIGNAL DC CURRENT DRAIN, MAXIMUN-SIGNAL DC CURRENT DRAIN, MAXIMUM 
POWER OUTPUT, CIRCUIT EFFICIENCY, SENSITIVITY, AND TRANSDUCER POWER GAIN 
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CA3020, CA3020A 


PROCEDURES: 
*Vcc1 +Vcc2 Input Resistance Terminal 10 to Ground (Rjnjo)- 


1. Apply desired value of Voc; and Veco and set S in 
Position 1. 

2. Adjust 1kHz input for desired signal level of measurement 

3. Adjust R for @2 = e,/2. 

4. Record resulting value of R as Rinyo. 

Input Resistance Terminal 3 to Ground (Rjy3). 

1. Apply desired value of Voc; and Voce and set S in 
Position 2. 

2. Adjust 1kHz input for desired signal level of measurement 

3. Adjust R for e2 = e,/2. 

4. Record resulting value of R as Riy3. 


FIGURE 10. MEASUREMENT OF INPUT RESISTANCE 


+Vcc1 +Voce2 


DISTORTION 
ANALYZER 


T (SEE S29 


S; 


1kHz 
SIGNAL | ® in 
SOURCE | 


CA3020 
CA3020A 


RMS 
VOLTMETER 


NOTE: Push-pull output transformer; load resistance (R) should be selected to provide indicated collector-to-collector load impedance (Rec). 


PROCEDURES: 
Signal-to-Noise Ratio Total Harmonic Distortion 
1. Close S, and S3; open So. 1. Close S1 and S2; open S3. 
2. Apply desired values of Voc; and Veco. 2. Apply desired values of Voc; and Veco. 
3. Adjust e),\ for an amplifier output of 150mW andrecordre- 3. Adjust ej), for desired level amplifier output power. 
sulting value of Eur in dB as €qur; (reference value). 4. Record Total Harmonic Distortion (THD) in %. 
4. Open S, and record resulting value of egyt in dB as e@oute 
) 
5. Signal-to-Noise Ratio (S/N) = 20log 10 ze lll, . 
°ouT2 


FIGURE 11. MEASUREMENT OF SIGNAL-TO-NOISE RATIO AND TOTAL HARMONIC DISTORTION 
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FARRIS 


SEMICONDUCTOR 


CA3094 


Programmable Power Switch/Amplifier for 
Control and General Purpose Applications 


it 


April 1994 


Features 


CA3094T, E, M for Operation Up to 24V 

CA3094A4T, E, M for Operation Up to 36V 

CA3094BT, M for Operation Up to 44V 

Designed for Single or Dual Power Supply 
Programmable: Strobing, Gating, Squelching, AGC 
Capabilities 

e Can Deliver 3W (Average) or 10W (Peak) to External 
Load (in Switching Mode) 

High Power, Single Ended Class A Amplifier will Deliver 
Power Output of 0.6W (1.6W Device Dissipation) 

Total Harmonic Distortion (THD) at 0.6W In Class A 
Operation 1.4% (Typ.) 


Applications 


e Error Signal Detector: Temperature Control with 
Thermistor Sensor; Speed Control for Shunt Wound 
DC Motor 

Over Current, Over Voltage, Over Temperature Protectors 
Dual Tracking Power Supply with CA3085 

Wide Frequency Range Oscillator 

Analog Timer 

Level Detector 

Alarm Systems 

Voltage Follower 

Ramp Voltage Generator 

High Power Comparator 

Ground Fault Interrupter (GF) Circuits 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


CA3094T, AT, BT -55°C to +125°C |8 Lead Metal Can 
CA3094E, AE, BE -55°C to +125°C |8 Lead Plastic DIP 
CA3094M, AM, BA -55°C to +125°C _|8 Lead Plastic SOIC (N) 


Pinouts 


CA3094 (PDIP, SOIC) 
TOP VIEW 


EXT. FREQUENCY 
COMPENSATION 
OR INHIBIT INPUT 


SINK OUTPUT 
(COLLECTOR) 


DIFFERENTIAL 


VOLTAGE INPUTS DRIVE OUTPUT 


6 | (EMITTER) 
'5 | lapc CURRENT 


‘| PROGRAMMABLE 
INPUT 


GND (V- IN DUAL 
SUPPLY OPERATION) 


Description 


The CA3094 is a differential input power control switch/ 
amplifier with auxiliary circuit features for ease of program- 
mability. For example, an error or unbalance signal can be 
amplified by the CA3094 to provide an on-off signal or 
proportional control output signal up to 100mA. This signal is 
sufficient to directly drive high current thyristors, relays, DC 
loads, or power transistors. The CA3094 has the generic 
characteristics of the CA3080 operational amplifier directly 
coupled to an integral Darlington power transistor capable of 
sinking or driving currents up to 100mA. 


The gain of the differential input stage is proportional to the 
amplifier bias current (lapc), permitting programmable 
variation of the integrated circuit sensitivity with either digital 
and/or analog programming signals. For example, at an lasc 
of 100A, a 1mV change at the input will change the output 
from 0 to 100A (typical). 


The CA3094 is intended for operation up to 24V and is 
especially useful for timing circuits, in automotive equipment, 
and in other applications where operation up to 24V is a 
primary design requirement (see Figures 28, 29 and 30 in 
Typical Applications text). The CA3094A and CA3094B are 
like the CA3094 but are intended for operation up to 36V and 
44V, respectively (single or dual supply). 


These types are available in 8 lead TO-99 Metal Cans (“T” 
suffix). Type CA3094 is also available in an 8 lead dual-in- 
line plastic DIP package (“E” suffix) and Small Outline Pack- 
age (“M” suffix). 


CA3094 (CAN) 
TOP VIEW 


SINK OUTPUT 
(COLLECTOR) 


EXT. FREQUENCY 
COMPENSATION OR 
INHIBIT INPUT 


DRIVE OUTPUT 
(EMITTER) 


DIFFERENTIAL 
VOLTAGE INPUTS 
lapc CURRENT 


SPECIAL 
FUNCTIONS 


OTRO OE Ig PROGRAMMABLE INPUT 
NOTE: Pin 4 is connected to case GND (V- IN DUAL eapeae OR AGC) 
SUPPLY OPERATION) 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 598 3 


Copyright © Harris Co tion 1994 
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Specifications CA3094, CA3094A, CA3094B 


Absolute Maximum Ratings Thermal Information 

Dual Supply Voltage Thermal Resistance Oya Bic 
LP GU® cixeederianarkes ue ateatandcet ond bubnensne Wxks +12V Plastic DIP Package ..............-. 150°C/W . 
CAAA cn icccesdeeunes xvid detndasecsactewss den etas +18V Plastic SOIC Package............08- 170°C/W - 
ae ss akeec eee ece cupewnieserascuuscesseeanies +22V Me OG «ohccaccencataeedaawsees 156°C/(W 68°C /W 

Single Supply Voltage Junction Temperalure .s access iste scsascsscesswenes +175°C 
CAMS cacevupacsstiaonesccesegesaeecdecans esas 24V __ Junction Temperature (Plastic Package)................ +150°C 
CASON, owen anes cetaraneeresnceave Mbaes5eeeed es 36V Lead Temperature (Soldering 10s) ..............20000- +300°C 
CAGOOSG, 6 cic a nd 6 08s cers boss cee neva DeREDGEP ST ES 44V (SOIC - Lead Tips Only) 

Differential Input Voltage (Term. 2 and 3) Note 1............. 5V Operating Temperature Range................ -55°C to +125°C 

DC INDUE VONAGE 2 isc ccc scsi wens teas esesvascasnes V+toV- Storage Temperature Range.............eees -65°C to +150°C 

Inpul Currant (lati. 2 SN B).« vas venxs esiensn cesnsdaascans +1imA 

Ampitier Blas Currant (Tent, 5) 6 cassvascicccccunewe nna ns 2mA 

Average Output Current............. cee eee eee eee ee 100mA 

Penk CUE CITGO, 6 « d6 dnnsa st axwnwsi anes bons WewEns 300mA 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C for Equipment Design. Single Supply V+ = 30V, Dual Supply V+ = 15V, V- = -15V, lagc = 100A 


Unless Otherwise Specified 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS | 


INPUT PARAMETERS 


INPOTPARANETERS SSCS 
Taoowrme «dT | | oT 


IAViol Change in Vio between lage = 100A 
and laBc = 5pA 


Ty = +25°C 
Ta = 0°C to +70°C 
Ta = +25°C 
Ta = 0°C to +70°C 


Input Offset Voltage Change mV 


ho 


Input Offset Current 


Input Bias Current 


Oo 


7 


Oo 


Device Dissipation lout = OMA 


CMRR 


N 
oO 


Common Mode Rejection Ratio 


Common Mode Input Voltage Range V+ = 30V (High) 8 
V- = OV (Low) 

V+ = 15V 

V-=-15V 

Unity Gain Bandwidth + Io = 7.5MA, Vog = 15V, lage = SOOHA 
Open Loop Bandwidth at -3dB Point BWoL Ilo = 7.5mA, Voge = 15V, lagc = 500A 


Total Harmonic Distortion THD Pp = 220mW 
(Class A Operation) Pp = 600mW 


Vicr 


Amplifier Bias Voltage 
(Terminal 5 to Terminal 4) 


0.68 


il a Os 


wew [Sm 
[tore nae =8m iY ew 


f = 10Hz, Iago = SONA pA/ 
lapc = 20pHA 

C, f = 1MHz, V+ = 30V 
OUTPUT PARAMETERS (Differential Input Voltage = 1V) 


Input Offset Voltage Temperature 
Coefficient 


Power Supply Rejection 
1/F Noise Voltage 


1/F Noise Current 


a 


Differential Input Resistance 


Differential Input Capacitance 


Bo) 
le 
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Specifications CA3094, CA3094A, CA3094B 


Electrical Specifications 1, =+25°C for Equipment Design. Single Supply V+ = 30V, Dual Supply V+ = 15V, V- = -15V, lagc = 100A 
Unless Otherwise Specified (Continued) 


[____PaRAneTERS | Svwbor | ___TeSTCONOTONS [| WN | TP | WAX | UNTS | 
Peak Output Voltage With Q13 “ON” V+ = 30V, R, = 2kQ to GND | 26 | 27 | - [ vi | 
tala With Q13 “OFF” 


Peak Output Voltage Positive 


Peak Output Voltage With Q13 “OFF” V+ = 30V, Ry = 2k to 30V | 29.95 | 2999 | - | Vv. 


Peak Output Voltage Positive V+ = 15V, V- =-15V, 
j R, = 2kQ to 15V 
(Terminal 8) Negative L to 15 


Collector-to-Emitter Saturation Voltage Vceisat) | V+ = 30V, Ic = 50mA, Terminal 6 
(Terminal 8) Grounded 
Output Leakage Current V+=30V 
(Terminal 6 to Terminal 4) 
Composite Small Signal Current Transfer hee V+ = 30V, Voge = 5V, Ie = 50MA 16,000 | 100,000 
Ratio (Beta) (Q12 and Q13) 
Output Capacitance Terminal 6 Co f = 1MHz, All remaining Terminals Tied 
; to Terminal 4 
Terminal 8 


TRANSFER PARAMETERS 

Voltage Gain Of V+ = 30V, Iago = 100A, AVoyr = 20V, | 20,000 }100,000} - | Ww | 
ion a6 {| to | - | 

Forward Transconductance to 2750 pimhos 

Terminal 1 


Slew Rate (Open _ Positive Slope lagc = SOOWA, Ry = 2kQ } = { 500 | - | vps — 
i ee 
NOTE: 


1. Exceeding this voltage rating will not damage the device unless the peak input signal current (1mA) is also exceeded. 


INPUTS 
OUTPUT | OUTPUT 
MODE TERM 


in 
en oe 


< 


-\< 


V+ = 15V, V- =-15V, Ry = 2kQ to -15V 


<|<|< 


0.1 


© 
oO 


ale 


1 


ao) 
s 


Negative Slope 
Inverting Compensated) an lagc = SOOHA, R, = 2kQ 


Schematic Diagram 


EXTERNAL FREQUENCY 
COMPENSATION OR INHIBIT INPUT 


(1) (7) ve 


DIFFERENTIAL 


VOLTAGE “SINK” 
INPUT OUTPUT 
DIFFERENTIAL 
VOLTAGE (3) ai3 
INPUT 
AMPLIFIER 


BIAS INPUT (5 ) 
laBc 


“SOURCE” 
(DRIVE) 
V- OUTPUT 
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SPECIAL 
FUNCTIONS 


CA3094, CA3094A, CA3094B 


Typical Performance Curves 


INPUT OFFSET VOLTAGE (mV) 


0.1 10 100 1000 
upuipicn BIAS CURRENT (A) 


FIGURE 1. INPUT OFFSET VOLTAGE vs AMPLIFIER BIAS 
CURRENT (lagc, TERMINAL 5) 


INPUT BIAS CURRENT (nA) 


0.1 o.88uA a 10 100 1000 
AMPLIFIER BIAS CURRENT (yA) 


FIGURE 3. INPUT BIAS CURRENT vs AMPLIFIER BIAS CUR- 
RENT (lagc, TERMINAL 5) 


ul 
ul 
A 


a‘h. 


i ath 


V+ = +15V, Ves -15V 


Ta = +1 pinks a ay i 
425°C | fog 


A 
ee ae 0 | a sift eo! 


10! 


0.1 1.0 10 100 1000 
AMPLIFIER BIAS CURRENT (A) 


FIGURE 5. AMPLIFIER SUPPLY CURRENT vs AMPLIFIER 
BIAS CURRENT (lagc, TERMINAL 5) 


AMPLIFIER SUPPLY CURRENT (1A) 
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Vea ot6V, ee tev 
| ae ae | a ae a | 


rd 10? 

e 

Fs 

cc wo 4+} 

|] 

rs) 

i = 

ic 

e) 

- os 

z A a = sq 

= le 
Ze 

0.01 a 
0.1 1.0 10 100 1000 

AMPLIFIER BIAS CURRENT (pA) 


FIGURE 2. INPUT OFFSET CURRENT vs AMPLIFIER BIAS 
CURRENT (lagc, TERMINAL 5) 


SS SS Sa EE SN Ne ee MR Rd 
Ta = +25°C SS 


| oT TT Ay 
SE CHEEee at 


ee oe os an oo oe oS ae ae ee Po a 


OO 
a 


ae ed ee 
Pa oe ce Si Se awe ee a 


V+ = +15V, V- = -15V 
V+ = +6V, V- = 6V 
V+ = +3V, V- 2 -3V 


N_ gf 
< 


DEVICE DISSIPATION (.W) 


1 
0.1 1.0 10 100 1000 
AMPLIFIER BIAS CURRENT (yA) 


FIGURE 4. DEVICE DISSIPATION vs AMPLIFIER BIAS CUR- 
RENT (lagc, TERMINAL 5) 


wh eae Ie 
~ Mem ff 


COMMON MODE INPUT VOLTAGE (V) 
° 


0.1 1.0 10 100 1000 
AMPLIFIER BIAS CURRENT (A) 


FIGURE 6. COMMON MODE INPUT VOLTAGE vs AMPLIFIER 
BIAS CURRENT (Iagc, TERMINAL 5) 


CA3094, CA3094A, CA3094B 


Typical Performance Curves (Continued) 


50 


V+ = +15V, V- = -15V 
Rg = 1MQ, Tg = +25°C 
FOR TEST CIRCUIT, SEE FIGURE 20 


V+ = +15V, V- = -15V 
45 | Rs = 0Q, Tg = +25°C 
FOR TEST CIRCUIT, SEE FIGURE 20 


1/F NOISE VOLTAGE (pA/VHz) 


1/F NOISE VOLTAGE (nV/VHz) 
s gs 
| W/ 


10! 10? 10° 
FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 7. 1/F NOISE VOLTAGE vs FREQUENCY FIGURE 8. 1/F NOISE CURRENT vs FREQUENCY 


10000 a ce i es ee ee ee ee 1000 ——T 7). TT 
| TJ 


V+ = 20V, Vce = 10V 
i) 


FORCED BETA = 10 


= ci 
2s oe ; = a 
“f a : mak 
EW sooo S soot LE LNT 
Wi < 
da ty 
Ss 7 
Sz 8 
OF w 
4 = 100 B 10 
85 A 
a FS 
oO 
1 Soot ; SEH EHIET HH 
100 1000 100 1000 
seiner CURRENT (mA) couimeron CURRENT (mA) 
FIGURE 9. COLLECTOR EMITTER SATURATION VOLTAGE vs FIGURE 10. COMPOSITE DC BETA vs COLLECTOR CURRENT 
COLLECTOR CURRENT OF OUTPUT TRANSISTOR OF DARLINGTON CONNECTED OUTPUT TRAN- 
(Q13) SISTORS (Q12, Q13) 

110 a ae Set 105 == see. a 2 
€ m = 3 104 SEE Se oe = = 
Zz PsA ¢ 2 Ce eee idl 
@ 70 aca a 0 5 < ae ee 0 ee a ea) amen: 7a 
8 60 fon = 500A) St SOS so 3 403 Sassi ct ama 
Fr 50 BN PG 100 4 5 
S és ee a BR oe 110 & 3 ae Coe g 
a. nme A % | < z 10 ae Se St a ee Ge Ze mee iii Social Gaal Gd 
8 30 200 wes Th A am 425°C TT TT 
= x | | | | NAN 1A gE AN ee EO 
Bag Le Vr = +15¥, V- = -15V, Ry = 2k0 aN} 2 ¢ wl | YY Be th eer ie) es ee 
° (TERMINAL 6 TO V-), Ta = +25°C = ee A 

ace ls rm . ZA et 

-10 1 

1 10' 3610? 108 )— 10 = 105 = 108) 107 0.1 1.0 10 100 1000 
FREQUENCY (Hz) AMPLIFIER BIAS CURRENT (A) 
FIGURE 11. OPEN LOOP VOLTAGE GAIN vs FREQUENCY FIGURE 12. FORWARD TRANSCONDUCTANCE vs AMPLIFIER 
BIAS CURRENT 


10-15 


CA3094, CA3094A, CA3094B 


Typical Performance Curves (Continued) 


100 


V+ = +15V, V- = -15V, Ty = +25°C 
FOR TEST CIRCUIT, SEE FIGURE 22 


SLEW RATE (Vius) 


Lf a Seen a 


a 
100 1000 


eee BIAS CURRENT (A) 


FIGURE 13. SLEW RATE vs AMPLIFIER BIAS CURRENT 


PHASE COMPENSATION CAPACITANCE (pF) 


FOR PHASE COMPENSATION 


TEST CIRCUIT, SEE FIGURE 24 
oR 


—_— | 


V+ = +15V, V- = -15V, lage = 500A, Ty = +25°C 


FOR TEST CIRCUIT, SEE FIGURE 23 


ES 

EA 

LA tt td 
° oe os oe ow oe os 


am: 
es Nea ean ne 
Se 


9 20 40 60 80 100 
CLOSED LOOP VOLTAGE GAIN (dB) 


SLEW RATE (Vius) 


FIGURE 14. SLEW RATE vs CLOSED LOOP VOLTAGE GAIN 


PHASE COMPENSATION RESISTANCE (Q) 


CLOSED LOOP VOLTAGE GAIN (dB) 
FIGURE 15. PHASE COMPENSATION CAPACITANCE AND RESISTANCE vs CLOSED LOOP VOLTAGE GAIN 


Operating Considerations 


The “Sink” Output (Terminal 8) and the “Drive” Output 
(Terminal 6) of the CA3094 are not inherently current (or 
power) limited. Therefore, if a load is connected between 
Terminal 6 and Terminal 4 (V- or Ground), it is important to 
connect a current limiting resistor between Terminal 8 and 
Terminal 7 (V+) to protect transistor Q13 under shorted load 
conditions. Similarly, if a load is connected between Terminal 
8 and Terminal 7 (V+), the current limiting resistor should be 
connected between Terminal 6 and Terminal 4 or ground. In 
circuit applications where the emitter of the output transistor 
is not connected to the most negative potential in the 
system, it is recommended that a 100Q current limiting 
resistor be inserted between Terminal 7 and the V+ supply. 


Test Circuits 
1/F Noise Measurement Circuit 


When using the CA3094, A, or B audio amplifier circuits, it is 
frequently necessary to consider the noise performance of 
the device. Noise measurements are made in the circuit 
shown in Figure 20. This circuit is a 30dB, non-inverting 
amplifier with emitter follower output and phase compensa- 
tion from Terminal 2 to ground. Source resistors (Rs) are set 
to 0Q or 1MQ for E noise and | noise measurements, 
respectively. These measurements are made at frequencies 
of 10Hz, 100Hz and 1kHz with a 1Hz measurement band- 
width. Typical values for 1/f noise at 10Hz and 50/A lage are 


Ey = 18nV/./Hz and iN = 1.8pA//Hz, 
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CA3094, CA3094A, CA3094B 


Test Circuits 
NOTES: Eout 
1. Input Offset Voltage: Vio = 00: 
2. For Power Supply Rejection Test: (1) vary V+ by -2V; then (2) 
vary V- by +2V. 
3. Equations: 


(1) V+ Rejection = 00 


E OUT — E,OUT 
200 


1002 (2) V- Rejection = 
1 


4. Power Supply Rejection: dB) = 20log a 
REJECTION 


2 15V = 30V == t Maximum Reading of Step 1 or Step 2 
FIGURE 16. INPUT OFFSET VOLTAGE AND POWER SUPPLY REJECTION TEST CIRCUIT 


» 30V 


15V © 


OS 98 VOLTS NOTE: |, = = 
1. Poissipation = (V+)(!) AMPS 1 2 
FIGURE 17. INPUT OFFSET CURRENT TEST CIRCUIT FIGURE 18. INPUT BIAS CURRENT TEST CIRCUIT 
Y“) 
wl ae 
<6 
© 
az 
”o> 
LL. 
NOTES: 


1 OMRR = 100 x 26V | 
Esout ~ -10uT 


Vomr 2. Input Voltage Range for CMRR = 1V to 27V. 


0.8V TO 27.2V 
E 
ek sia 3. CMRR (dB) = 20log 


100 x 26V | 
Esout ~ -10uT 


15V ¢ 
FIGURE 19. COMMON MODE RANGE AND REJECTION RATIO TEST CIRCUIT 
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CA3094, CA3094A, CA3094B 


Test Circuits (Continued) 
+15V 


10k 


-15V 


OUTPUT 
(RMS) 


NOTES: 
1. Ret = 1MQ 
(1/F Noise Current Test) 
2. Ag = 0 
(1/F Noise Voltage Test) 


FIGURE 20. 1/F NOISE TEST CIRCUIT FIGURE 21. OPEN LOOP GAIN vs FREQUENCY TEST CIRCUIT 


-15V 


0.001,F > 


FIGURE 22. OPEN LOOP SLEW RATE vs Iggc TEST CIRCUIT FIGURE 23. SLEW RATE vs NON-INVERTING UNITY GAIN TEST 
CIRCUIT 


-15V 
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CA3094, CA3094A, CA3094B 


Test Circuits (Continued) 


OUTPUT 


CLOSED 
LOOP GAIN 


FIGURE 24. PHASE COMPENSATION TEST CIRCUIT 


120VAC 


V+ 2 30V 


COMMON 


NOTES: 

1s C; = 0.5yF 
D, = 1N914 
R, = 0.51MQ = 3 min. 
Ro = 5.1MQ = 30 min. 
Rg = 22MQ = 2 hrs. 
R, = 44MQ = 4 hrs. 
Re = 1.5kQ 
Reg = 50kQ 
Ry = 5.1kQ 
Rg = 1.5kQ 

2. Potentiometer required for initial time set to permit device inter- 
connecting. Time variation with temperature < 0.3%/C. 


FIGURE 25. PRESETTABLE ANALOG TIMER 


Typical Applications 


For additional application Information, refer to 
Application Note AN6048, “Some Applications of a 
Programmable Power/Switch Amplifier IC” and AN6077 
“An IC Operational Transconductance Amplifier (OTA) 
with Power Capability”. 


Design Considerations 


The selection of the optimum amplifier bias current (lage) 
depends on: 


1. The Desired Sensitivity - The higher the lago, the higher 
the sensitivity, i.e., a greater drive current capability at the 
output for a specific voltage change at the input. 


2. Required Input Resistance - The lower the lage, the high- 
er the input resistance. 


If the desired sensitivity and required input resistance are 
not known and are to be experimentally determined, or the 
anticipated equipment design is sufficiently flexible to 
tolerate a wide range of these parameters, it is 
recommended that the equipment designer begin his 
calculations with an lagco of 100A, since the CA3094 is 
characterized at this value of amplifier bias current. 


The CA3094 is extremely versatile and can be used in a 
wide variety of applications. 
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SPECIAL 
FUNCTIONS 


CA3094, CA3094A, CA3094B 


Typical Applications 


Eout 
Bi alias 1) 
Ew ate 
ae Where Eour = Ein 
Eout (22 
Where — = f 7, | depends on the characteristics of Z1 and Z2 
IN 1 FIGURE 26A. FIGURE 26B. 


NOTE: 1. In single-ended output operation, the CA3094 may require a pull up or pull down resistor 
FIGURE 26. APPLICATION OF THE CA3094: (a) AS AN INVERTING OP AMP AND (b) IN A NON-INVERTING MODE, AS A FOLLOWER 


V+ = 18V Problem: To calculate the maximum value of R required to 
switch a 100mA output current comparator 


be 2k shan = HA, Pace = 2EMO= 2 
VOLTAGEA ! PucLup Given: 'ago = YHA: Fage = ¥: 5A 
BISV4 "<= <=5 
I, = 500nA at lage = 100pA (from Figure 3) 
+18 -- |, = 5A can be determined by drawing a line on Figure 3 through 
an fn ae lasc = 100LA and Ig = 500nA parallel to the typical Ty = +25°C 
VOLTAGE AT A curve. 
sideaiea Then: |, = 33nA at lag = 5A 
Eout 
18V —12V . 


RMaAX = 180MQ x 2/37 = 120MQ at Ta = —55°C 


t Ratio of |, at T, = +25°C to |, at T, = -55°C for any given 


== TIME DELAY (SEC.) = RC (APPROX.) value of lage 


FIGURE 27. RC TIMER 


On a negative going transient at input (A), a negative 
pulse at C will turn “on” the CA3094, and the output (E) 
will go from a low to a high level. 


At the end of the time constant determined by C1, Ri, 
R2, R3, the CA3094 will return to the “off” state and 
the output will be pulled low by Rioap. This condition 
will be independent of the interval when input (A) 
returns to a high level. 


FIGURE 28. RC TIMER TRIGGERED BY EXTERNAL NEGATIVE PULSE 
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CA3094, CA3094A, CA3094B 


Typical Applications (Continued) 


9 +15V 


ovmu_ PLELIL 


PAPER OR 


1N914 Fs 
MYLAR™ 
2ms NOTES: 
Eout 120s 1. R= 1MQ, C = 1pF CURRENT INPUT 
2. Time Constant: t = RC x 120 


OR 


LINE == 3. Pulse Width: @ = K(C,/C) 
VOLTAGE INPUT 


FIGURE 29. FREE RUNNING PULSE GENERATOR FIGURE 30. CURRENT OR VOLTAGE CONTROLLED OSCILLATOR 


27kQ 


50kQ 


27kQ 


SPECIAL 
FUNCTIONS 


If: R2 = 3.08R,, fout - RC 


FIGURE 31. SINGLE SUPPLY ASTABLE MULTIVIBRATOR FIGURE 32. DUAL SUPPLY ASTABLE MULTIVIBRATOR 


Mylar™ is a trademark of E.]. Dupont de Nemours. 
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CA3094, CA3094A, CA3094B 


Typical Applications (Continued) 


” +15V 
D +15V 


OUTPUT 
INPUT 


OUTPUT 
INPUT 


100kQ NOTES: Re 
1. Upper Threshold = [V+] 
(Ra) 
+R 
B 
Ry +Ra 
NOTES RyRo _ 
1, Rt = R, +R, 1°°B 
R, ‘ R, +R, 
2. tThreshold = [+Supply] |} ———— * Lower Threshold = [V+] =] 
‘ie Udi ( 15 Jer 
R,+Re A 


FIGURE 33A. DUAL SUPPLY FIGURE 33B. SINGLE SUPPLY 


FIGURE 33. COMPARATORS (THRESHOLD DETECTORS) DUAL AND SINGLE SUPPLY TYPES 


TYPE 
D1201F 


PTC TEMP. 


HEATER 
SENSOR 


1kQ 
117V “ 
“ 10k 0.01pF 
GOHz °T5kQ.— TEMP. 
‘ SET 


FOR NTC SENSOR, INTERCHANGE POSITION OF SENSOR AND (R). 


NOTE: All Resistors are 1/2W. 
FIGURE 34. TEMPERATURE CONTROLLER 


10-22 


CA3094, CA3094A, CA3094B 


Typical Applications (Continued) 


NOTE 3 
V+ INPUT 
(NOTE 1) +15V REG. 
OUTPUT 
‘, 
2 
. COMMON 3 
RETURN 
4 
0.03 nF 
-15V REG. 
OUTPUT 
V- INPUT 
(NOTE 2) 


10kQ 
41% 


NOTES: 


V+ Input Range = 19V to 30V for 15V output. 


. V- Input Range = -16V to -30V for -15V output. 
. Max lout = +100mA. 


. Regulation: 
AV 
Max Line = perenne nes DE = 0.075% /V 
[Voyr (Initial) ] AViny 
AV 
Max. Load = ———— oe x 100 = 0.078% V 
Vout (Initial) OUT 


(IL from 1mA to 50mA) 


FIGURE 35. DUAL VOLTAGE TRACKING REGULATOR 


36V 


(NOTE 3) 
f CIRCUIT 
BREAKER 
CONTROL 
SOLENOID 


Cc 
0.02uF 


aoa & W PM 


1kW 


CIRCUIT TRIPS ON POSITIVE 
PEAKS WILL SWITCH WITHIN 
1.5 CYCLES 


VOLTAGE BETWEEN 
TERMINALS 2 AND 4 


imme ---- VOLTAGE BETWEEN 
TERMINALS 3 AND 4 
(ADJUSTABLE WITH 
Rrrip) 
éomv GROUND FAULT 
ea. SIGNAL 60Hz 


NOTES: 
1 


Differential current sensor provides 60mV signal = 5mA of unbal- 
ance (Trip) current. 


. All Resistors are 1/2 Watt, +10%. 

. RC selected for 3dB point at 200Hz. 

. Cy = AC by-pass. 

. Offset adj. included in Rrpip. 

. Input impedance from 2 to 3 = 800kQ. 
0.001 mF 7. 


With no input signal Terminal 8 (output) at 36V. 


FIGURE 36. GROUND FAULT INTERRUPTER (GFI) AND WAVEFORMS PERTINENT TO GROUND FAULT DETECTOR 
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SPECIAL 
FUNCTIONS 


CA3094, CA3094A, CA3094B 


Typical Applications (Continued) 


TREBLE 


“ bi iia 
Bw). 1 5kQ (CCW) 0.01pF 8200 


0.12uF 
18000 
68Q th 
0.001,F 56002 
— 0.001 pF STANCOR 
5uF NO. P-8609 
Ps OR EQUIVALENT 
(120VAC TO 
.a 26.8VCT AT 1A) 
INPUT ~ @ : 
— 2N6107 
=a CA3094B Ri 
° 82Q 
) (6) TO-5 THERMAL 8 
COMPENSATION a 
(4) NETWORKt 
(5) 1N 
680 
= + OPTIONAL THERMAL 
COMPENSATION 
0.2uF = NETWORK 
25uF ako al 8.20 
* “BOOST’}00kQ “CUT” 10kQ 1N5391 
— ati. JUMPER 
= BASS 
TYPICAL PERFORMANCE DATA FOR 12W AUDIO AMPLIFIER CIRCUIT 
Power Output (8Q load, Tone Control set at “Flat”) WONKUG OU) caaces 55000606 20)kweb 240 Ghd Rena Keke cee 40dB 
Music (at 5% THD, regulated supply)...............006. 15W Hum and Noise (below continuous power output)........... 83dB 
Continuous (at 0.2% IMD, 60Hz and 2kHz INDUT FIGSEIBINCS ccc ccke cede sw saces sade ctwesnatananss 250kQ 
mixed in a 4:1 ratio, unregulated supply) Tone Control Range ...............68- See Figure 9 in AN6048 
See Figure 6 in ANGO4S . 6 cccscccscsnseasesensseveas 12W 
Total Harmonic Distortion 
At TW, Unfegulated SUDDIY 0. ccncseeesecaeavesa nus 0.05% 
At 12W, unregulated supply ............... 2. e eee eee 0.57% 


FIGURE 37. 12W AUDIO AMPLIFIER CIRCUIT FEATURING TRUE COMPLEMENTARY SYMMETRY OUTPUT STAGE WITH CA3094 
IN DRIVER STAGE 
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oA CA3165 


April 1994 Electronic Switching Circuit 


Features Description 


¢ Switching Initiated by Damping of Internal Oscillator The CA3165 is a single chip electronic switching circuit 
intended primarily for ignition applications. It includes an 
oscillator that is amplitude-modulated by the rotor teeth of a 
e Repeatable Timing of Switching States distributor, a detector that develops the positive going modu- 
lation envelope, a Schmitt trigger that eliminates switching 
¢ Five Outputs - Two Complementary Pairs and One ncertainties. Both types include two complementary high 
Non-Inverting Output CA3165E1 current switched outputs for driving power transistors requir- 
Two Outputs - One Complementary Pair CA3165E ing up to 120mA. The CA3165E also includes two comple- 
mentary low current outputs that incorporate internal current 
limiting and a non-inverting output amplifier with uncommit- 

Ordering Information ted input capable of switching 27mA. 


PART The CA3165 is supplied in the 8 lead dual-in-line plastic 
NUMBER TEMPERATURE package (E suffix) and in the 14 lead dual-in-line plastic 
package (E1 suffix). 
CA3165E -40°C to +85°C 8 Lead Plastic DIP 
CA3165E1 -40°C to +85°C 14 Lead Plastic DIP 


Pinouts 


¢ Proximity Sensing of Rotational Motion 


CA3165 (PDIP) CA3165 (PDIP) 
TOP VIEW TOP VIEW 


OSC FB FB_RF 
SENSE V+ 
GND DET_OUT 


OUTPUT INV_OUT 
+SIGNAL [5 | 


'g | AMPL_OUT 


SPECIAL 
FUNCTIONS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 278 2 
Copyright © Harris Corporation 1992 10-25 


CA3165 


Functional Block Diagrams 
DC SUPPLY 5V - 24V 


2002 
on 
san TO POWER 
3.5V -18V TRANSISTORS 
T 0.01 pF 
13 
FEEDBACK 
RESISTOR SCHMITT OUTPUT pial 
(6kQ2 + 0.5%) OSCILLATOR TRIGGER SWITCHING AMP 
1 
2 a 
— z = 6.8KQ 
e. bi ig 0.01pF 
L = 100uH R > REPRESENTS = 100K 0.0047uF 
. ROTOR LOADING 
lied 1500 == t. ais 
pF _ ~ 


OSCILLATOR 
CONDITION TERMINAL 10 TERMINAL 4 TERMINAL 5 TERMINAL 6 TERMINAL 7 TERMINAL 8 


cased | on tow | tow | righ) gh Yim 


FIGURE 1. FUNCTIONAL BLOCK DIAGRAM FOR CA3165E1 


DC SUPPLY 5V - 24V 


TO POWER 
TRANSISTORS 


Tv pF 
ae : SCHMITT OUTPUT INVERTED 
RESISTOR 
(6.49k0) OSCILLATOR DET TRIGGER SWITCHING ° OUTPUT 
1 
‘ 6 
2200 


Ze. 0.01 
L = 100uH Ret > REPRESENTS 
Q=53 Rat ROTOR LOADING 


1500 = 


pF TVALUES OF Ra AND Rg DETERMINED 
= BY CORRELATION. 


OSCILLATOR . 
CONDITION TERMINAL 4 TERMINAL 5 TERMINAL 6 


[oasea tow | tow (| igh 


FIGURE 2. FUNCTIONAL BLOCK DIAGRAM FOR CA3165E 
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Specifications CA3165 


Absolute Maximum Ratings Thermal Information 
DC Voltage (With Reference to Terminal 3) Thermal Resistance Bia 
CA3165E 1 Plastic DIP Package 8 Lead ..............e ee eeee 150°C/W 
Terral 4, 6B vow hes Vaeecuks cons covsans staesee 24V Plastic DIP Package 14 Lead .............. eee eee 100°C/W 
Terminals §, 7.12 oc vive snes iascoesnusseseexnwenwe 18V Operating Temperature Range ................. -40°C to +85°C 
TOS ono oiaya 6600s ee adedeadasansews epscaca 1.5V Storage Temperature Range.................6. -65°C to +150°C 
CA3165E Lead Temperdtue. .s2c<scosccacetuerydee eee nsins de +265°C 
VOUS Gy S on tk i hedeed van eeeeeeheaes aehExuN 24V At Distance 1/16” 1/32” (1.59 +0.79mm) from Case 
TOPRG F xccsn caxcdeundtenbennees ceeseds cuaeens 18V for 10s Maximum 
Current (At Terminals Indicated) Device Dissipation Plastic DIP Package 8 Lead 
CA3165E1 WP E0e os dvhsx rectus sheer eus saeueone ac 600mW 
Termias 4, 6s acascecen sees cantaee cawsan 2eaens 120mA Above Ty = +55°C ............. Derate Linearly at 6.67mW/°C 
Termes S, TF ic cccwprteonescoassan cave -0.1mA to0.imA Device Dissipation Plastic DIP Package 14 Lead 
TR xk asin cicn se cdeens 9s vaxdeds dowedded ceases 30mA OG Ue Ty, MAE ik oxtiectaek seb eientabeviesececes 950mW 
CA3165E Above Ty = +55°C ....... cee eees Derate Linearly at 10mW/C 
TOMNIGEIS 4, Bic cagcesacacsceansecssansesannwess 120mA 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At T, = +25°C, V+ = 13V, Measured in the circuit of Figure 5 (CA3165E1) or Figure 6 (CA3165E) 


PARAMETERS SYMBOL 


Input Current at Term. (Note 1) 


Output Voltage at Term. 4 


Output Voltage at Term. 8 


Portion of Spark 


Oscillator Voltage at Term. 2 


NOTE: A 
1. CA3165E at Term. 7 7 
CA3165E1 at Term. 12 12 ‘a 
gz 
<O 
wo 
az 
n> 
Lt. 
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Schematic Diagrams 


ALL RESISTANCES ARE IN KILOHMS 12) 
0. a 0.1830. MBS ald 3 0.18 
e 10 
bers 
fry 
- ee 


FIGURE 3. Go) DIAGRAM FOR CA3165E1 


He 


ALL RESISTANCES ARE IN KILOHMS 


FIGURE 4. SCHEMATIC DIAGRAM FOR CA3165E 
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Application Information Figure 5 and Figure 6 show the application of the CA3165 in a typical ignition system. 


TERMINAL DESCRIPTIONS 


FUNCTION 
Oscillator Feedback Resistor, R_e 


2202 Protective Resistor To Tank Circuit 


Direct Output - R7 load resistor 2002 + 5%, and Rg to power Darlington 15Q + 10% 


Direct Output - Low Current - Not Connected 

Inverted High Current Output 

Inverted Low Current Output Through C, (0.01pF) to D, and Rg (100kQ) 

Output Amplifier Output - Through Re and Reg (27Q and 8202 to Supply) 

Output Amplifier Input - through R, (6800Q) to D, and Ce, (0.0047pF) 

Detector Output - Cz to Ground (0.01p:F) 

No Connection 

Circuit Supply Voltage Through R, (220Q Protective Resistor) to Automotive Supply 
Oscillator Feedback Resistor Re to Terminal 1 


No Connection 


AUTOMOTIVE SUPPLY 5V - 24V 


H.V. 
C1 R1 R5 
0.01pF 220 820 
R6 
12} [11] fio} fo} | 8| R4 


Re R7 D2 
CA3165E1 TOP VIEW 200 be ee 4 2 
.0047 

> He) 
OF 
lu © 
R9 aw 
R8 6.8k n> 
15 LL 

D4 


220 
Joh Lt 


METALLIC 


R10 
= [_* 


TRIGGER WHEEL ie CURRENT 

ONE TOOTH PER LIMITER Ait R12 R13 

RYLINDER he = 1100 100 0.18 
L1 SENSOR COIL INDUCTANCE hal = h = = 
= 100,H UNLOADED Q = 53 SET FOR 4 AMPERES IN R13 


EXCEPT AS NOTED, RESISTOR VALUES IN OHMS 


FIGURE 5. TYPICAL IGNITION SYSTEMS USING THE CA3165E1 
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6490 + 0.15% 


L1 SENSOR COIL, 
INDUCTANCE = 100,:H, 
UNLOADED Q = 53 


= METALLIC TRIGGER WHEEL, 


+13V 

200 

1W 

+5% 

Vout 

1500pF 
SILVER 
MICA ALL RESISTORS 1/2 W 15% 


UNLESS OTHERWISE SPECIFIED 
RESISTOR VALUES IN OHMS 


ONE TOOTH PER CYLINDER 
FIGURE 6. TYPICAL IGNITION SYSTEM USING THE CA3165E 


Application Information 


Figure 5 and Figure 6 show the application of the CA3165 in 
a typical ignition system. The oscillator on the chip operates 
at about 400kHz as determined by the tuned circuit L1, C2. 
The amplitude of the oscillation is detected on the chip and 
applied to a Schmitt trigger which sets the terminal voltage 
as shown in the chart in Figure 1 and Figure 2 for the 
unloaded condition of the oscillator. As a metallic tooth in the 
rotor passes the coil L1, eddy-current losses occur which 
reduce the Q of the resonant circuit and decrease the ampli- 
tude of the oscillations to a level below that of a reference in 
the detector circuit. The output terminals are then switched 
to states as shown in the chart in Figure 1 and Figure 2 for 
the loaded condition of the oscillator. The oscillation is main- 
tained at this lower amplitude by switching in additional feed- 
back in the oscillator circuit. The fact that the oscillator 
continues to operate at some minimum level during this 
dwell period eliminates timing variations which would occur if 
the oscillator had to be restarted by random noise. 


Spark occurs as terminal 4 is switched from high to low. The 
output amplifier clamps terminal 4 low through the regulator 
during the duration of the spark. 


The Dwell period represents the time that terminal 10 
(CA3165E1) or terminal 6 (CA3165E) is high, terminal 4 is 
low, and the coil is charged. 


The value of the oscillator feedback, resistor, Rr, is selected 
to set the dwell period. With a sintered-iron 8 f-tooth rotor, a 
typical value of Re is 6500Q for 28.5 degrees of dwell out of 
a 45 degree cycle. For a star-type rotor and a particular coil 
in a typical distributor, the feedback resistor would be larger 
(typically 88002) depending on clearances, coil geometry 
and tooth shape. 


For typical F-Tooth Rotor with Rod Sensor and 113yH of coil 
inductance, the Q and frequency with respect to rotor posi- 
tion was measured for the following positions 


CENTER 46 at 377kHz 


SLOT 6 at 390kHz 
FIRE 15 at 381kHz 
(Free air Q = 55.7 at 375kHz.) 
OSCILLATOR a 
DWELL : 
PERIOD LOADED 


osc 
LOADED 


HIGH 
DETECTOR 
TERM 10 
LOW 
DWELL DWELL 
COIL 
CHARGE 


SPARK 


FIGURE 7. TIMING SEQUENCE 
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Features 

e Low Power Dissipation 

¢ IL Control Logic 

¢ Power-On Reset 

e On-Chip Oscillator for System Time Reference 


Single Input Line for Operator Commands 

e Amplitude Encoded Control Signals 

¢ Transient Compensated Input Commands 

¢ Controlled Acceleration Mode 

e Internal Redundant Brake and Low-Speed Disable 
e Braking Disable 


Applications 
e Automotive Speed Control 
industrial 


e Residential and 


Controls 
e Industrial AC and DC Motor Speed Control 


Heating and Cooling 


e Applications Requiring Acceleration and Deceleration 


Control 
Pinout 
CA3228 (PDIP) 
TOP VIEW 
GND [1 124) GND 
NC | 2] OUTPUT GATE 
DRIVER COMMAND | 3| VACUUM CONTROL 


21) VENT CONTROL 
20] CONTROL AMP+ 


COMMAND DELAY [4. 
OSCILLATOR [5. 

V MEMORY [6 

CURRENT SENSE SPEED 48) 


CONTROL AMP- 


CA3228 


Speed Control System with Memory 


Description 


The CA3228 is a monolithic integrated circuit designed as an 
automotive speed-control system. 


The system monitors vehicle speed and compares it to a 
stored reference speed. Any deviation in vehicle speed 
causes a servo mechanism to open or close the engine 
throttle as required to eliminate the speed error. The refer- 
ence speed, set by the driver, is stored in a 9-bit counter. 


The reference speed can be altered by the ACCEL and 
COAST driver commands. The ACCEL command causes 
the vehicle to accelerate at a controlled rate; the COAST 
command disables the servo, thereby forcing the vehicle to 
slowdown. Application of the brake disables the servo and 
places the system in the standby mode while the RESUME 
command returns the vehicle to the last stored speed. 


Vehicle speed and driver commands are inputs to the 
integrated circuit via external sensors. Actuators are needed 
to convert the output signals into the mechanical action 
necessary to control vehicle speed. 


The CA3228 is supplied in a 24 lead dual-in-line plastic 
package (E suffix). Refer to AN7326 for application 
information. 


Ordering Information 


PART 
NUMBER | TEMPERATURE 


CA3228E -40°C to +85°C | 24 Lead Plastic DIP 


19] CONTROL AMP OUTPUT 


SENSOR INPUT | 8| ALIGN 
FV OUT [9. 16] VERROR 
FV FILTER [10 ACCELERATE CAPACITOR 
Vs [11] 44] ACCELERATE RESISTOR 


BRAKE INPUT [12 13} Voc 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CA3228 


Absolute Maximum Ratings 


Supply Volage, Veg ssc ccccsesscsasteccewense s wane sa +9.0V 
CI GIB Nii cn bck cane rate Ges swkeckn banens 30mA 
Driver Command Input (Ioyp), PINS. 2.6... eee eee eee 2mA 
Brake Input (Ippaxe), Pin 12 ........ cece cee ee eee eee 2mA 
Storage Temperature Range ................ -65°C to +150°C 
Maximum Junction Temperature. ............ 00. e eee +150°C 


Thermal Information 


Thermal Resistance Oya 
Plastic O1P Packag@ s5.c5i02.0ccessseestaxaras ves 65°C/W 
Power Dissipation Per Package 
FOr Tg APC S70 6s cee dees coe euers nes es 1.2mW 
For T, Above +70°C ........... Derate Linearly at 15.4mW/°C 
Lead Temperature (Soldering 10s) .............-000ee +265°C 
Operating Temperature Range ...............- -40°C to +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Typical Switching Characteristics 


Driver Command Input Hold Times (Based on 0.68pF on Pin 4): OF ie dawedneeeed cand rebeanredeewesad ter saeeesd 50ms 
ACCEL os60s8aseans snes estan sas sone sete ewee wen 50ms PE sin skeenwaain snes cea Qusaeees eine oes One neae 50ms 
CUI S ooiad eo ndecsShnne seston nesnasueaaw ed 50ms Internal Oscillator Frequency, Fogg. ... 2... eee eee ee eee 10kHz 
FESUMEn 665 ceeds ad cawds ese eed cas eoueews Doms 330ms (Based on 0.001pF at Pin 5) 

System Performance Fogc = 50kHz, fs/Speed Ratio = 2.22Hz/mph 

Speed Sensor Input Frequency Range, fs at Pin 8 ..62Hz to 222Hz Maximum Stored Speed ............ 2 eee eee ee eeee 100 mph 

Speed AOSOUMION 6. kee sce sc casscnecnsssewwewes 0.45mph Redundant Brake Speed............. cece cece eee ees 11 mph 

Minimum Operating Speed. ........... 0. ce eee eens 25 mph 


Electrical Specifications 1, = +25°C, Voc = 8.20V, Unless Otherwise Specified (Refer to Figures 2 and 3) 


Command Idle Voltage 


OUTPUT VOTLAGE 
Voi 
Vou 
VAC Vor 
Vou 
VENT Vor 
Vou 


Voc 
V7 
Vi7 
V3iDLE 


Vsres 


V30FF 


V30N 


< 

5 

> 

ay 
i 
hg —a4™ 
P 


T.PB. 


N 


PARAMETERS SYMBOLS | TEST PIN TEST CONDITIONS )omin, | max | UNITS | 


7.40 V 


62Hz < fg < 222Hz 


43kQ to Ground 
41kQ to Ground 


$1, S2, S3, S4, S5 
Open 


7.6 


N 


S2 Closed 
S3 Closed 
S4 Closed 
S5 Closed 


S1 Closed 


©. 
ho 


S6 Closed 


r on 
So 


4.7kQ. to Voc mV 


1.2kQ to Voc 


| 


ne) 


1.2kQ to Voc 


= 
< 
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Electrical Specifications TT, = +25°C, Vcc = 8.20V, Unless Otherwise Specified (Refer to Figures 2 and 3) (Continued) 


PARAMETERS SYMBOLS | TEST PIN TEST CONDITIONS SE UNITS 


| Memory SetEmor | Memory SetEmor Error Ve- | Ve=Vio 


Deadband Range (VAC and VENT Outputs se Pin 19, 
Off) Voltage at 1V/sec 


Control Amplifier Gain ata Aenti = V19/V16 | Ratio 


Functional Block Diagram 


mete 


RESUME 
— G3) QUTPUT 
ACCEL GATE 
DRIVER COMMAND (3) COMMAND 
DECODER COAST PL VENT 
AND CONTROL Ly VENT 2) CONTROL 
COMMAND DELAY (4) DELAY o , LoGic 
TOGL VACUUM 
| vac. | 22) CONTROL 
OSCILLATOR (5) (>) SONTROL AMP. 
OVER SPEED| RESUME 
ee FF = (20) CONTROL AMP. (+) 
3 
BRAKE INPUT (2) 3 @ —— “Oo CONTROL ANP. (-) 
ERROR AMP. 
SPEED (8) MINIMUM V ERROR 
SENSOR INPUT SPEED 


FIV SENSOR 


Fv out (8)—I converTER }-o\~(14) ACCELERATE 


== 


FV FILTER ©) Toe illiaaal 

Vs bees TO “B” aw 
Vs 41) DIGITAL TO : ACCELERATE 
ANALOG © CAPACITOR 
CONVERTER “A” 

Vu 

VY MEMORY (6) [ aucn ] © sian 

CURRENT 
CURRENT 
Benne SENSE 
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FIGURE 1. SPEED CONTROL FLOW CHART 
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} 
s 
4 
4 
4 
4 
4 
‘ 
4 
4 
4 
a 
4 
4 
7 


MOMENTARY 
CONTACT 
DRIVER — 2 — SEE FIGURE 3 
V30N COMMAND VAC ; 
SWITCHES 3 
VENT ' ‘ 
ON ut 4 ow nienaue si 
R3,2.2K so 5 § ies 
RESUME 2 
SET/ACCEL U 
we —: 
8 
COAST 0.05pF 9 
OFF 
" | 24M i+ 
T.P.B. 
“a VOLTAGE AT TERM. 3 
= RATIO TO V 
SPEED INPUT q@) See ret ee a 
FREQUENCY, fs 
2.22 H2/MPH = hes EX ee 


ALL RESISTANCE VALUES ARE IN OHMS VeRAKE 
fss-orF | 0 | oom 
fouewwoe) | ces | 098 


NOTE: 1. All Switches Open 
FIGURE 2. TYPICAL AUTOMOTIVE SPEED CONTROL APPLICATION 


VENT 


CA3228E 


(SEE FIGURE 2) ee 7 Y 
AIR S12) SOURCE <zO 

“a OF 

VENT VAC ae 

VALVE VALVE |DIAPHRAGM = 

”o> 

rg 


SYSTEM MODE 
VALVE ACCEL | CRUISE | COAST 


~----—- 
POSITON 


FEED BACK 
O PIN 20) NOTE: 
1. Open or Closed as Required to Maintain Set Speed Error 


TO THROTTLE 


-___] ace _|_CRUISE_| COAST _| BRAKE _| REDUNDANT BRAKE | HISPEED DROPOUT [LO-SPEED DROPOUT] 
Wwacnzay [HJ ct ~ 1 | ut | 1 |. | 1. 
ventPinaty) | H| Ht | 1 | SC~SYSsC SS~<SS~—CSSSC~CSE CS 
[eaTe(pnza) | t [ tJ] 1] H | H+. —S<YC—S—<CSaS—S 


FIGURE 3. SOLENOID DRIVERS AND SERVO VACUUM CONTROL MECHANISM TYPICAL APPLICATION 
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Device Description and Operation 


The functional block diagram and Figures 1, 2 show the 
speed- control flow chart, and a typical automotive speed- 
control application, respectively. 


Command Decoder and Delay Logics (Pins 3,4) 


Driver commands are input to pin 3 through the Driver 
Command Line. These signals are encoded on a single line 
as voltage levels selected by switches which adjust a resistor 
divider network. 


The voltage level established is compared to a reference 
level which decodes the command. A command level greater 
than Voc + 0.8V turns the system On, enabling dynamic 
control. Once the system is enabled, a voltage level of 
0.88Voc, 0.66Vcc, and 0.38Vc¢—q decodes the RESUME, 
ACCEL, and COAST command, respectively. A driver 
command of 0.12Vcc¢ or less turns the system Off. 


The Driver Command Delay established by the current 
sources and a capacitor at pin 4 assures that ON, OFF, 
ACCEL, and COAST commands are considered valid only if 
longer than 50ms. The time for RESUME is 330ms. 


Control Logic 


The Control Logic accepts signals from the command 
decoder and other sensors. It causes the memory to be 
updated when operating in ACCEL and COAST modes. It 
will put the system in Standby mode if brakes are applied, if 
the speed error exceeds 11mph, or if the vehicle speed 
drops below the minimum Speed Lockout (25mph). It will 
return the vehicle to the previous set memory speed when a 
RESUME command is given. 


Frequency to Voltage Converter (Pins 8-11) 


The speed sensor input fg at pin 8 is an AC signal whose 
frequency is directly proportional to the vehicle speed at 
approximately 2.22Hz/mph The current sources, capacitor 
and comparators at pin 9 cause equal rise and fall times to 
occur at pin 9 on the positive- and negative-going slopes of 
the sensor input. Pulse currents of time duration equal to the 
rise and fall times are used to charge the parallel resistor 
capacitor combination at pin 10 to give a voltage (Vs) at pin 
10 proportional to frequency at approximately 27mV/Hz. The 
fs frequency range may be altered by changing the values of 
the filter capacitors at pins 8 and 9. However, the maximum- 
to-minimum frequency ratio will remain fixed. 


MEMORY VOLTAGE, Vy (V) 


FREQUENCY, fs (Hz) 


FIGURE 4. TYPICAL D/A MEMORY VOLTAGE, Vy vs 
FREQUENCY 


Memory Voltage, Vy (Pin 6) 


Upon release of the ACCEL or COAST switches the voltage, 
representing vehicle speed Vs determined by the output 
from the frequency-to-voltage converter, is stored as a 
binary number in a 9 bit counter. A memory update compar- 
ator allows clocking of the counter until memory voltage Viy 
equals Vs. The output of the counter controls a ladder 
network which provides memory voltage Vy at pin 6. 


Analog Accelerate and Resume Generator (Pins 14,15) 


Numerous functions are combined in what is called the 
Analog Accelerate and Resume Generator. The circuit 
switches the signal output at pin 15 depending on the mode 
of operation. In the Accelerate and Resume mode the 
capacitor at pin 15 is charged at a fixed rate [450mV/(Re x7) 
(Cex7)]. In the Cruise mode pin 15 follows the memory 
voltage (Vy) and in the On, Off, Brake, Redundant Brake, 
Minimum Speed Lockout, and Coast modes, pin 15 follows 
the voltage representing vehicle speed (Vs). 


MEMORY VOLTAGE, Vy (V) 


100 
FREQUENCY, fg (Hz) 


150 200 


FIGURE 5. TYPICAL CHARACTERISTIC F/V CONVERTER 
OUTPUT, Vs vs FREQUENCY 


Error Amplifier (Pin 16) 


In the Cruise mode the Error Amplifier determines the 
difference between the set memory speed (Vy) and the 
actual speed (Vs). This error signal is fed to the control 
amplifier where it defines whether VAC or VENT is required. 
The error signal represents deviation in vehicle speed from 
the memory or set speed condition. The Error signal is also 
used to control the Redundant Brake feature. 


Redundant Brake Comparator 


When the error output drops below approximately 0.42V cc, 
the Redundant Brake output is activated. Redundant Brake 
causes the chip to go into the Standby mode. 


Control Amplifier (Pins 18, 20) 


The Control Amplifier is an op amp using external 
components to set the gain. Inputs to the Control Amplifier 
are from the Error Amplifier output, servo position sensor 
and align output. The output of the Control Amplifier controls 
the VAC and VENT outputs. 


VAC, VENT and Gate-Driver Outputs (Pins 21, 22, 23) 


The VAC, VENT and Gate Outputs are open collector 
devices used to control the throttle position. For the system 
to be able to supply vacuum, the gate output must be low. If 
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the output from the Control Amplifier exceeds 0.573V¢c, 
vacuum is supplied to the servo unit. If the output of the 
Control Amplifier is between 0.573Vc¢c and 0.427Vcc the 
vacuum is held in the servo unit and vehicle speed is 
maintained. If the output from the Control Amplifier drops 
below 0.427Vcc or if the gate output is high, the servo unit 
vacuum is vented. 


Overspeed Detector Comparator 


The Overspeed Detector circuit is used when the following 
sequence of events occur: A speed is set in memory, the 
vehicle is manually accelerated (foot pedal) to a higher 
speed and then the ACCEL switch is activated. 


During vehicle acceleration Vs voltage is greater than the Viy 
voltage into the memory update comparator. When the 
ACCEL command is given, the capacitor at pin 15 rapidly 
charges to within 60mV of Vs before switching the compara- 
tor output low and starting the fixed acceleration rate from 
the present vehicle speed. The 60mV of offset is required to 
insure that the output of the overspeed detector is low under 
normal operating conditions. Hysteresis is also designed into 
the comparator to eliminate noise problems which may 
prevent the chip from going into the Acceleration mode. 


End of Resume Comparator 


The Resume Comparator is used when the following 
sequence of events occurs: A speed is set in memory, the 
brake applied, causing the vehicle to go to a lower speed, 
and the RESUME switch is activated. 


Activation of the RESUME switch causes a fixed accelera- 
tion rate from the lower speed until the capacitor voltage at 
pin 15 is equal to the Vi voltage. A filter circuit contained in 
the output of the resume comparator insures that noise 
doesn’t reset the comparator until Vpiy actually equals Vy. 


Align Voltage Source (Pin 17) 


The Align Voltage Source is a X1 buffer with an output of 
0.5Vcc. 


Brake Input Comparator (Pin 12) 


When the Brake Input exceeds 0.55Vcc, the chip will go into 
the Standby mode from Cruise. 


Minimum Speed Lockout 


Assures that the system remains in a Standby mode if 
vehicle speed Vs is below 0.183V cc. It causes the system to 
revert to the Standby mode if Vs drops below 0.183V¢¢ in 
the Cruise mode. 


Digital Filter for Redundant Brake and Minimum Speed 
Lockout 


A 4 bit shift register with an all ‘1’s output decode is used to 
filter transients and electromagnetic interference. The filter 
prevents false signals from putting the system into Standby 
from Cruise. 


Ramp Oscillator (Pin 5) 


The Ramp Oscillator at pin 5 nominally varies between 
amplitudes of 4.1V and 6.1V. The discharge rate is 
approximately 4X the charge rate. With a capacitor of 
0.001pF on pin 5, the nominal oscillator frequency is 50kHz. 
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FUNCTIONS 


RESUME 


CA3228 


RESUME 


ON ACTIVE HIGH 


REDUNDANT 
BRAKE 


Q141 ACT 
BRK HI 


paeld Q136 ee b> ; 
0.55 Vcc 1142 


FIGURE 6. FUNCTIONAL BLOCK DIAGRAM FOR SPEED CONTROL (Continued On Next Page) 
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April 1994 


Features 
Drive-Current Limiting at Output 
Current-Sense Buffer and Reference 
200mA Driver Current Capability 
Logic-Level Control Input 
Current Limiting Flag Output 
50dB Minimum PSRR 
5us Typical Switch Time 


Separate Signal and Power Grounds 


Applications 

¢ Solenoid Switch Driver 

e Relay Driver 

e Lamp Control Switch 

e Ignition Coil Pre-Driver 

¢ Constant Current Driver 
Current Limiting Switch 
Fault Output Sense Appliance 
Power Supply Fault Mode Control 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


CA3274E -40°C to +85°C 8 Lead Plastic DIP 


Pinout 


Description 


The CA3274 is a controlled current switch and may be used in 
general purpose switching applications that require specified 
maximum levels of current. The functional block diagram of 
the CA3274 is shown and a typical application circuit is shown 
in Figure 1. An internal emitter follower has 200mA of source 
drive output capability. The Control Input is a Schmitt trigger 
buffer amplifier for noise immunity in the environments typical 
of industrial and automotive control systems. 


Current sensing in the emitter circuit of a power-darlington 
output stage is fed back from a sampling resistor to the sense 
input of the CA3274 which has a 335mV typical offset. For the 
example shown in Figure 1, a sampling resistor of 0.056Q 
permits 6.0A (0.335/0.056) of current in the emitter of the output 
driver. When the current limiter is activated, the flag output 
changes state conditionally. If the control input is the “O” state, 
the flag output will remain in a “1” state. If the control input is in 
the “1” state and the sense input is less than the voltage 
reference level of 335mV, the flag output will remain in the “1” 
state. If the control input is the “1” state and the sense input is 
equal to or greater than the 335mV reference level, the flag 
output goes to the “O” state. The output flag switch may be used 
to accurately establish dwell timing in automotive applications. 
When the control input goes to “0”, the flag is reset to “1”. Noise- 
immunity hold-off is used to prevent pre-triggering of the flag 
output and is noted as tp in the timing diagram of Figure 2. 


The fiag output may be used for diagnostic feedback via the 
Current sense input to detect a fault mode. In this case the 
sampled drive current is either from the emitter of the CA3274 
internal power transistor or an external output amplifier, such as 
a darlington power transistor or power-FET output stage. The 
CA3274 has separate power and signal grounds to minimize 
transient-loop feedback to the input ground and thus prevent 
false triggering of the output. Optionally, the output from the 
CA3274 may be taken from the open collector (DRIVE IN) at 
pin 6. An extemal resistor at pin 6 may be used to set the level 
at which Q2 will saturate, providing additional limiting protection 
for the maximum forward-drive from the CA3274. 


CA3274 (PDIP) 
TOP VIEW 


FLAG OUT 


SENSE IN 


POWER GND 


SIGNAL GND 


Voc SUPPLY 
CONTROL IN 
DRIVE IN 


DRIVE OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Block Diagram 
Vcc 
8 
. SOLENOID LOAD 
% 
. 
. 
CONTROL ..7 * N DRIVE IN 
M ry Q2 6) 
nw N DRIVE OUT 
R3 
FLAG ot} SENSE 
ouT 
‘at LATCH “ 82 
4. 1 N 
. : 
SIGNAL a N 
GROUND a : R1 
‘ 
rsssmv ] § 
. : 
RUVMAVVVVVVVVVVSVVSBVEBesaesaessese BWWEBWBWVVEABVWSOVEEEBE 
31 POWER ts 
™ GROUND = 
Voc Voc 
N 
: CONTROL raielaidiaaaaiaiaiein SASL | 6A 
CONTROL .7_8 LOGIC & - : , 
IN : CURRENT N 
: LIMITER N 
N N N 
3 : 
Q 
N N N 2) 
: : N al = 
<2 
ui 
. 
: iia a az 
N ”> 
FLAG ,' 3 ve 
OUT ‘ 
Ney LATCH oe 3s 
4} IN N 
.) 
N \ 
SIGNAL , ot . 
GHEUNG : : 0.0562 
. N 
: N 
BAWBTAWVWBWAPVTVSBVSTSVBVSIBABSEBBVABELEBEBEBSESE wmrereaececaceal 
_— SENSE LEVEL EQUALS 
= = 335mV 
™ GROUND - 0.0560 = oA 


FIGURE 1. TYPICAL APPLICATION AS A POWER SWITCH PRE-DRIVER SWITCH 
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Specifications CA3274 | 


Absolute Maximum Ratings Thermal Information 

Operating Dive SUUbY, Ver asians svancen caus cen wewenwe a 16V Thermal Resistance Bya 

Maximum Output Current, lo vass cess ccse coveewveneees 200mA Plastic DIP Package 8 Lead ........... eee eee eee 130°C/W 

Control, Sense Inpul...s css sececcawesess Gnd - 0.5V, Veg + 0.5V ~— Power Dissipation, Pp 

Signal, Power Differential Ground Voltage................... +1V S16 FOG dic ctacewesnceeeeoas nab 07088 BEE KEET ESS 630mW 

AONE TOC sive ddedscadersaeas Derate linearly at 7.7mW/C 

Operating Temperature Range ................. -40°C to +85°C 
Storage Temperature Range..............60e- -55°C to +150°C 


Lead Temperature (During Soldering) 
At distance 1/16in. (1.59mm + 0.79mm) from 
ease for 10e MAM. si ciis occ eens eae even sstaendc oi +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At T, = -40°C to +85°C, Unless Otherwise Specified 


[—ramanerens | sweor | __vesroovomons [ww [ve | wax | owe 
Se 
Sg 


Power Supply Current: S1 = 2 


Control Input: $1 =3 
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Driver In, Out (Pin 6, 5):S1=3 


Vsar Output Saturation Voltage, loc, = 200mA, 
Vecontrot = High 


NOTES: 
1. Refer to Figure 3 Test Diagram for electrical test connections. 
2. Refer to Figure 2 Timing Diagram for logic switching and prop delay. 


3. Unless otherwise specified: Vo¢g = Veco = Vec2 = 7V to 10V; 
Vsense = LOW’; Vcontrot = “Low’; 
Control in levels are defined as “Low” equals 0.0V and “High” equals 5.0V. 
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CONTROL IN - PIN 7 


DRIVE OUT- PIN 5 


CURRENT 
LIMITING >> 


OUTPUT 
LOAD CURRENT 


SYSTEM pl 
NOISE wea 


SENSE IN- PIN2 


FLAG OUT- PIN 1 


(NOISE HOLD-OFF 
DELAY) 
tp (SEE NOTE) 
tFLAG 
NOTE: For Voc = 7V to 10V; tp (MAX) = 600)S, if Control In = High, DELAY 
Sense In = High; Pin 1, Flag Out can go low only if tsense 2 ty 
FIGURE 2. CA3274 TIMING DIAGRAM 
OUTPUT LOAD 
POWER SUPPLY POWER SUPPLY 
+Voc +Voc1 
lec | ‘ 
: . oN (ADJ. FOR 200mA 
: 22 IN Vsar TEST) 
.) 
CONTROL : 
IN VcoNTROL © Q2 \ DRIVER 
: > LOGIC : 
: . o—>8 (PSSROUT) 
+Voce : = : 9 
(ADJ. FOR 3mA . : ied 
INFLAG-OUT 310K 3 N 
Vsar TEST N : 
.) : 
FLAG, 1 8 \2 
OUT ‘ ee >—->¢ 
. Sat LATCH 4 ; SENSE sig 2.1V 120 
. 
i. SN P| F200 
SIGNAL , x : = = = 
GROUND , . 
Y 
Passmv | § 
: : 


Nxwnennenennwnnnnnnnnnuncuuune Wreawesesaaat 
== POWER 
GROUND 


FIGURE 3. CA3274 TEST CIRCUIT 
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Go tiene HiIP9010 


April 1994 Engine Knock Signal Processor 


Features Description 


¢ Two Sensor Inputs The HIP9010 is used to provide a method of detecting pre- 


. mature detonation or “Knock” in automotive engines. 
e Microprocessor Programmable 


A block diagram of this IC is shown in Figure 1. The chip 
alternately selects one of the two sensors mounted on the 
Digitally Programmable Gain engine block. Two programmable bandpass filters process 
the signal from both sensors, and divides the signal into two 
channels. When the engine is not knocking, programmable 
Stable Analog Filter Characteristics gain adjust stages are set to ensure that both the reference 

channel and the knock channel contain similar energies. 
On-Chip Clock This technique ensures that the detection system is compar- 
Operating Temperature Range -40°C to +125°C atively immune to changes in the engine background noise 
level. When the engine is knocking, the energy in the knock 
channel increases. 


e Accurate Filter Elements 


Digitally Programmable Time Constants 


Applications 

An active, full wave rectifier detects energy in each channel. 

During integration, the energy from the reference channel is 

¢ Analog Signal Processing where Controllable Filter | Subtracted from the energy in the knock channel. The result 

Characteristics are Required is an analog voltage, whose output level is proportional to 
the engine knock. 


e Engine Knock Detector Processor 


The chip is under microprocessor control via an SPI inter- 
face bus. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


HIP9010AB -40°C to +125°C | 20Lead Plastic SOIC (W) 


Pinout 


HIP9010 (SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3601 1 
Copyright © Harris Corporation 1994 10-44 
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POWER SUPPLY 
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BIAS CIRCUITS 
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REFERENCE FREQUENCY CHANNEL 


PROGRAMMABLE PROGRAMMABLE 
BANDPASS GAIN 
FILTER eo 
1-20kHz . 
64 STEPS 64 STEPS 


PROGRAMMABLE PROGRAMMABLE 
BANDPASS STAGE 
FILTER GAIN 
1-20kHz 1-0.133 
64 STEPS 64 STEPS 


KNOCK FREQUENCY CHANNEL 


ACTIVE 
FULL WAVE 
RECTIFIER 


ACTIVE 
FULL WAVE 
RECTIFIER 


PROGRAMMABLE 
INTEGRATOR 
40-600ms 
32 STEPS 


TO SWITCHED 
CAPACITOR 
NETWORKS 


REGISTERS 
AND 
STATE MACHINE 


(14) TEST 


FIGURE 1. SIMPLIFIED BLOCK DIAGRAM OF THIE HIP9010 


ila: INOUT (4) 


SINGLE-ENDED 
CONVERTER 
AND OUTPUT 

DRIVER 


OSCIN (9) 


OSCOUT (10) 


CLOCK 


SCK (13) 


SPI 
INTERSPACE 


INT/HOLD (7) 


OLO6dIH 


SPECIAL 


FUNCTIONS 


Specifications HIP9010 


Absolute Maximum Ratings Thermal Information 
DC Logic Supply; Voge ssssesccwssasecsws seen -0.5V to+7.0V Thermal Resistance Oya 
OUGUE VOI, Vig és one cess bo06 eee newwonde ce -0.5V to +7.0V Plastic SOIC Package sc sccvcsecscssevacanwess 120°C/W 
ME VOMAQS, Vig snc cuc ened ene ces ews eceeoeun eee +7V Max. Power Dissipation, Pp 
FOr Te APC 16 470 occ vis cowresoenaens 450mW Max. 
For Ts = +70°C to +125°C........ Derate Linearly at 8.3mW/°C 
Operating Temperature Range ............... -40°C to +125°C 
Storage Temperature Range, TSTG........... -65°C to +150°C 
Lead Temperature (During Soldering)................4. +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vpp = 5V, +5%, GND = OV, Clock Frequency 4MHz, +0.5%, Ty = -40°C to +125°C, 
Unless Otherwise Specified. 


[rananeren | svweor | _restconorions [wn [ 1? | wax | own 
[Guescon Supoy Curent =o [Woontasviono=ov [8 | 78] @ | mA 


Midpoint Voltage, Pin 3 Vop = 5.0V, I, = OMA 
Vop = 5.0V 


Vuip 
Input Leakage, Pin 14 


Internal Pull-Up Resistor, Pin 14 


“lil 
PP: 


a 


Leakage of Pins 7, 8,12 and 13 Measured at GND and Vpp = 5V 


H- 
(oe) 


Low Input Voltage, Pins 7, 8,12 and 13 Vit 


xe 
S 


High Input Voltage, Pins 7, 8,12 and 13 Vin 


Low Level Output, Pin11 lsournce = 4MA 


100pA 

Measured at GND and Vpp = 5V 
lsource = 500nA 

High Level Output, Pin 10 Vou Isink = -BO00HA 

INPUT AMPLIFIERS 

SOFB and S1FB High Output Voltage 


OL 
High Level Output, Pin11 


os 


Vou 
Leakage Pin 11 


< 
A 


Low Level Output, Pin 10 OL 


on ~ 
o 


<X]< 
-|-5]-|-[ee : 


N 


VoutHl 
VoutLO 


1O0pA Isink 
1OOPA Isink 


> 
ice) 


SOFB and S1FB Low Output Voltage 


= 
< 


> 


SOFB and S1FB Closed Loop Gain -26dB Act Input Resistor = 1MQ, Feedback 
Resistor = 50KQ, -26dB 
SOFB and S1FB Closed Loop Gain 20dB Aci Input Resistor = 47.5MQ, Feed- 


back Resistor = 475KQ, 20dB 


ANTIALIASING FILTER 


Response 1kHz to 20kHz, 
Referenced to 1kHz 


BW Test Mode, 70MVpws Input to 
SOFB or S1FB, Output Pin 4 


ATEN Test Mode, 70MVpnys Input to 
SOFB or S1FB, Output Pin 4 


Attenuation at 180kHz 
Referenced to 1kHz 
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Specifications HIP9010 


Electrical Specifications Vpp = 5V, 5%, GND = OV, Clock Frequency 4MHz, +0.5%, T, = -40°C to +125°C, 
Unless Otherwise Specified. (Continued) 


[raraweren ___[ smeor | _restconomons [ww [ We | wax | owns 


PROGRAMMABLE FILTERS 


Peak to Peak Voltage Output Voutp-p | Test Mode, 330MVanys, 1.22kKHz Vp.p 
Input SOFB or S1FB, Output Pin 4 


Filters Q at 20% of Center Test Mode, 70MVpys, 1.22kKHz to 
Frequency (Note 1) 19.98kHz, Input SOFB or SiFB 
Output Pin 4 


Test Mode, RMS Metering BW 
50Hz to 200kHz, Open Input to 
SOFB or S1FB, Output Pin 4 


Output Noise, Clock ON 


PROGRAMMABLE GAIN AMPLIFIERS 


Percent Amplifier Gain Deviation %G Test Mode, 1Vp.p Input SOFB or +5 % 
Per Table 1 S1FB, Output Pin 4 


INTEGRATOR 

Integrator Offset Voltage INTGVig_ | Test Mode, 25mMVays, TC = 600ps +30 mV 
Gain = 0.5,1.22kHz to 19.98kHz 

Integrator Reset Voltage VRESET Pin 4 Voltage at Initiation of mV 
Integration Cycle 


Integrator Droop after 500ps Test Mode 
ied 


DIFFERENTIAL CONVERTER 
Differential to Single Ended DIFVio Pin 3 to 4, SOFB and S1FB 
Converter Offset Voltage Pins Open 
DIFOUT | Test Mode, 500mA, Sinking Load +1 +3 mV 
to No Load 
1. Q = fo/bBW, Where: fo = Center Frequency, BW = 3dB bandwidth. 


+5V 


Vop HIP9010 
Vamp 


C3, 0.022uF 
GND 


C2, 3.3nF 


S1IN 


SPI BUS 


R2 


J C1, 3.3nF 


TRANSDUCERS —> 


SOIN 
SOFB 


OSCIN 


OSCOUT INTOUT 


AID 
CONVERTER 
MICROPROCESSOR 


FIGURE 2. SIMPLIFIED BLOCK DIAGRAM OF THE HIP9010 IN AN AUTOMOTIVE APPLICATION 
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HIP9010 


Pin Descriptions 


Input to inverter used for the oscillator circuit. A 4MHz crystal or ceramic resonator is connected be- 
tween this pin and pin 10. To bias the inverter, a 10MQ resistor is usually connected between this pin 
and pin 10. 


Output of the chip SPI data bus. It is the inversion of the chip DATAIN line. This is an open drain output. 
The output must be disabled by placing the CS High when the chip is not selected. 


re Input of the chip SPI data bus. Data length is eight bits. 


SCK Input from the SPI clock. Normally high, the data is clocked to the chip internal circuitry on the rising 
clock edge. 
ae TEST A low on this pin places the chip in the test mode. For normal operation this terminal is tied high or left 
open. 


oe tedaanteaoen These terminals are not internally connected. DO NOT USE. 


Inverting input to sensor one amplifier. A resistor is tied from this summing input to the transducer. A 
second resistor is tied between this terminal and terminal 18, S1FB to establish the gain of the amplifier. 


S1iFB Output of the sensor one amplifier. This terminal is used to apply feedback. 
p19 SOFB Output of the sensor zero amplifier. This terminal is used to apply feedback. 


Inverting input to sensor zero amplifier. A resistor is tied from this summing input to the transducer. A 
second resistor is tied between this terminal and terminal 19, SOFB to establish the gain of the amplifier. 
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Description of the HIP9010 Operation 


This IC is designed to be a universal digitally controlled, ana- 
log interface between engine acoustical sensors or acceler- 
ometers and internal combustion engine fuel management 
systems. Two wideband input amplifiers are provided that 
allow the use of two sensors that may be of the piezoelectric 
type that can be mounted in optimum locations on either 
in-line or V type engine configurations. 


Output from these amplifiers is directed from a channel 
select switch into both digitally controlled filter and amplifier 
channels. Both filter bandpass and gain settings are pro- 
grammable from a microprocessor. Output from the two 
channels is combined in a digitally programmable integrator. 
Integrator output is applied to a line driver for further pro- 
cessing by the engine fuel management system. 


Broadband piezoelectric ceramic transducers used for the 
engine signal pickup have device capacitances in the order 
of 1100pF and output voltages that range from 5mV to 
8Vams, During normal engine operation a single input chan- 
nel is selected and applied to the filters. One filter channel 
processes a signal that is used to establish the background 
reference level. The second channel is used to observe the 
engine during the time interval that preignition may be 
expected. This information is compared with the “back- 
ground” signal via the ICs integrator and will tend to cancel 
the background noise and accentuate noise due to engine 
pre-detonation. Moreover, the bandpass of filter channels 
can be optimized to further discriminate between engine 
background and combustion noise and pre-detonation noise. 


A basic approach to engine pre-detonation systems is to 
only observe engine background during the time interval that 
noise is expected and if detected, retard timing. This 
approach does not require the sensitivity and selectivity that 
is needed for a continuously adjustable solution. Enhanced 
fuel economy and performance is obtainable when this IC is 
coupled with a microprocessor controlled fuel management 
system. 


Circuit Block Description 
Input Amplifiers 


Two amplifiers are used to interface to the two engine sen- 
sors. These amplifiers have a typical open loop gain of 
100dB, with a typical bandwidth of 2.6MHz. The common 
mode input voltage range extends to within 0.5V of either 
supply rail. The amplifier output has a similar output range. 


Sufficient gain, bandwidth and output swing capability was 
provided to ensure that the amplifiers can handle attenuation 
gain settings of 20 to 1 or -26dB. This would be needed 
when high peak output signals, in the range of 8Vans, are 
obtained from the transducer. Gain settings of 10 times can 
also be needed when the transducers have output levels of 
5mVams: 


In a typical application the input signal frequency may vary 
from DC to 20kHz. External capacitors are used to decouple 
the IC from the sensor (C1 and C2). A typical value of the 
capacitors is 3.3nF. Series input resistors, R1 and R2, are 


used to connect the inverting inputs of the amplifiers, (pins 
20 and 17). Feedback resistors, R3 and R4, in conjunction 
with R1 and R2 are used to set the gain of the amplifiers. 


SENSOR R3 


SENSOR R4 
C2 R2 


Vv PIN 18 
7 PIN 3 


FIGURE 3. INPUT AMPLIFIER CONNECTIONS 


A mid-voltage level is generated by the IC. This level is set to 
be half way between Vpp and ground. Throughout the IC this 
level is used as a quiet, DC reference for the circuits within 
the IC. This point is brought out for several reasons: it can be 
used as a reference voltage, and it must be bypassed to 
ensure that it is a quiet reference for the internal circuitry. 


The input amplifiers are designed with power down capabil- 
ity, which, when activated disables their bias circuit and their 
output goes into a tri-state condition. This is very important 
during the test mode, in which the output terminals of the 
amplifiers are driven by the outside world with test signals. 


Antialiasing Filter 


The IC has a 3rd order Butterworth filter with a -3dB point at 
70kHz. Double poly-silicon capacitors and implanted resis- 
tors are used to set poles in the filter. This filter is required to 
have no more than 1dB attenuation at 20kHz (highest fre- 
quency off interest) and a minimum attenuation of 10dB at 
180kHz. This filter precedes the switch capacitor filters 
which run at 200kHz. 


Programmable Band Pass Switched Capacitor Filters 


Two identical programmable filters are used to detect the two 
frequencies of interest. The Knock Frequency Filter is pro- 
grammed to pass the frequency component of the engine 
knock. The Reference Frequency Filter is used to detect 
background noise at a second programmed frequency. The 
filter frequency is established by the characteristics of the 
particular engine and transducer. By subtracting the energy 
component of these two filters, we can detect if a knock has 
occurred. 


The filters have a nominal differential gain of 4. Their fre- 
quency is set by program words (discussed in the Communi- 
cations Protocol section). Center frequencies can be 
programmed from 1.22kHz to 19.98kHz, in 64 steps. The fil- 
ter Q's are typically 2.4. 


Balance/Gain Adjust Stage 


The gains from the Knock Frequency Filter and the Refer- 
ence Frequency Filter can be adjusted with respect to one 
another, so that the difference energies in the two bands can 
be compensated. This balance is achieved by feeding one of 


10-49 


SPECIAL 
FUNCTIONS 


HIP9010 


the filters unattenuated (gain = 1) and attenuating the other. 
This can be adjusted with 64 different gain settings, ranging 
between 1 and 0.133. The signals can swing between 20 
and 80 percent of Vpp 


Programming is discussed in the Communications Protocol 
section. The test/channel attenuate word is used to deter- 
mine which of the two channels is attenuated and which is 
set to unity gain. 


Active Full Wave Rectifier 


The output of the filters are independently full wave rectified 
using switch capacitor techniques. Each of two rectifier cir- 
cuits provide both negative and positive values for the knock 
frequency and reference frequency filter outputs. The output 
is able to swing from 20 to 80 percent of Vpp. Care was 
taken to minimize the RMS variations from input to output of 
this section. 


Integrator Stage 


The signals from the two rectifiers are summed and inte- 
grated together. A differential system is used to reduce 
noise. One system integrates the positive energy of the 
Knock Frequency Rectifier with respect to the positive 
energy of the Reference Frequency Rectifier. The second 
system does the integration of the negative energy value of 
the two rectifiers. The positive and negative energy signals 
are opposite phase signals. Using this technique reduces 
system noise. 


The integrator time constant is software programmable by 
the Integrator Time Constant discussed in the Communica- 
tions Protocol section. The time constant can be pro- 
grammed from 40s to 600s, with a total of 32 steps. If for 
example, we program a time constant to 200s, then with 
one volt difference between each channel, the output of the 
integrator will change by 1 volt in 200s. 


When integration is enabled by the rising edge of the INT/ 
HOLD input, the output of the integrator will fall to O.5V, 
within 20us after the integrate line reaches the integrate 
state. The output of the integrator is an analog voltage. 


Test Multiplexer 


This circuit receives the positive and negative outputs from 
the two integrators, together with the outputs from different 
parts of the IC. The output is controlled by the fifth program- 
ming word of the communications protocol. This multiplexes 
the switch capacitor filter output, the gain control output and 
the antialiasing filter output. 


Differential to Single-Ended Converter 


This signal takes the output of the two integrators (through 
the test-multiplexer circuit) and provides a signal that is the 
sum of the two signals. This technique is used to improve the 
noise immunity of the system. 


Output Buffer 


This output amplifier is the same amplifier circuits as the 
input amplifier used to interface with the sensors. When the 
output of the antialiasing filter is tested, this amplifier is in the 
power down mode. 


Communications Protocol 


The multiprocessor talks to the knock sensor via an SPI bus 
(MOSI). A chip select pin (CS) is used to enable the chip, 
which, in conjunction with the SPI clock (SCK), moves in the 
eight bit programming word. Five different programming words 
are used to set gains, frequency response, integrator con- 
stants, test mode, channel select and test mode conditions. 


With chip select (CS) going low, on the next rising edge of 
the SPI clock (SCK), data is latched into the IC. The data is 
shifted with the most significant bit first and least significant 
bit last. Each word is divided into two parts: first the address 
and then the value. Depending on the function being con- 
trolled, the address is 2 or 3 bits, and the value is either 5 or 
6 bits long. During the hold mode of operation, all five pro- 
gramming words can be entered into the IC, but during the 
integrate time any single byte may be entered but will not be 
acted upon until the start of the next hold period. The inte- 
gration or hold mode of operation is controlled by the INT/ 
HOLD input signal. 


Programming Words 


1. Reference Filter Frequency: Defines the center frequency 
of the Reference Filter in the system. The first 2 bits are 
used for the address and the last 6 bits are used for its 
value. O1FFFFFF Example: 01001010 would be the refer- 
ence filter (01 for the first two bits) at a center frequency 
of 1.78kHz (bit value in Table 2 of 10). 


2. Knock Filter Frequency: Defines the center frequency of 
the Knock Filter in the system. The first 2 bits are used for 
the address and the last 6 bits are used for its value. 
OOFFFFFF Example: 00100111 would be the knock filter 
frequency (00 for the first two bits) at a center frequency 
of 6.37kHz (bit value in Table 2 of 39). 


3. Balance Control: Defines the ratio of the gain of the knock 
band center frequency to that of the reference band cen- 
ter frequency. This role can be reversed by the value of 
Cz in the fifth programming bit, as explained in 5, Test/ 
Channel Select/Channel Attenuate Control. The first 2 
bits are used for the address and the last 6 bits for its 
value. 10GGGGGG Example: 10010100 would be the 
balance control (10 for the first two bits) with an attenua- 
tion of 0.514 (bit value in Table 2 of 20.) Depending on the 
value of Cy in the fifth word this would apply to the refer- 
ence or the knock gain section. 


4. Integrator Time Constant: Defines the Integration Time 
Constant for the system. The first 3 bits are used for the 
address and the last 5 bits for the value. 110TTTTT 
Example: 11000011 would be the integrator time con- 
stant (110 on for the first 3 bits) and an integration con- 
stant of 55s (bit value of 3 in Table 2). 


5. Test/Channel Select/Channel Attenuate Control: This 
word serves several purposes. By looking at the struc- 
ture, 111TaTgTcCsgCa, the first 3 bits are used for the 
address, and the last 5 bits are used for the value. The 
options are: 
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- If CS is “0” channel “0” is selected. If CS is “1” channel 
“1” is selected. 


- If C, is “O” attenuation applies to the knock filter. If Ca is 
“1” attenuation applies to the reference filter. 


- During the test mode (TEST input is a low level), if T, is 
“0” all sections get their input from the output of the 
antialiasing filter input. This input can come from either 
the output of channel “O” amplifier or channel “1” output 
depending upon the state of the Cg bit. If T, is “O” the 
input amplifiers are powered down. If T, is set to “1” 
during the test mode the chip is configured in its normal 
operating state, getting inputs to all sections from previ- 
Ous sections. 


- Combinations of Ta, Tg and Tc are used to test the dif- 
ferent analog parts of the circuit. Table 1 shows these 
combinations. All blocks except for the antialiasing filter 
are sampled via the differential to single ended con- 
verter in the test mode. 


TABLE 1. SHOWING PROGRAMMING IN THE TEST MODE 


jem ra | ty | te | Gu | cae 
PIN14| Tj, | Te | Teo a. 

po fo | 8 | 0 | | Knock Rectifier 
po | of of oO | 4 [Reference 
po fo fo ft | 8 | knock iter 
po fo | | 4 [1 | Reterence iter | 
9 fo ft | Oo | Oo | Antatias Finer(t) | 
po fo ft | oo | 8 | Antiatias Fiter(t) 
po fo ft Tt | oO | imtegrator 
po fo fs ft | tt [integrator 
| 0 | 4 | 0 | 0 | 0 | Knock Rectifier 

po ft | of oO | 1 [Reference 
oT te ft fe | Krock Fiter | 
ot fo | tt | Retorence Fiter | 
po ft ft | oO | 0 | Antatias Fiter(t) | 
ttt fo ft | Antiatias Fiter(t) | 
of ttt ft | Oo | itegrator 
po ft ft | it | tt [integrator 
pt te Te fe | x integrator 


NOTE: 


1. All Test function blocks have their outputs buffered by the differ- 
ential to single ended converter. Their outputs are available at 
the INTOUT pin 4 of the chip. In the case of the antialias filter test 
function, the output is taken directly to the INTOUT pin 4 of the 
chip. 
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AMPLIFIER 
FIGURE 4A. SOIN AND S1IN INPUT CIRCUIT 


FIGURE 4B. MISO OUTPUT OF SPI DATA BUS IS 
AN OPEN DRAIN TRANSISTOR 


HALF OF 
TO NEXT STAGE DIFFERENTIAL 


Vpp 


| SOnA 


TO LOGIC TEST 
14 


FIGURE 4C. TEST PMOS TRANSISTOR HAS EQUIVALENT 


CURRENT PULLUP CAPABILITY OF A 50k TO 
200k RESISTOR 


SOFB S1FB 
INOUT 


4 


FIGURE 4D. SOFB, S1FB AND INOUT EQUIVALENT OUTPUT 
CIRCUITS 


FIGURE 4. INTERFACE CIRCUITS 


SPECIAL 
FUNCTIONS 


HIP9010 


TABLE 2. FREQUENCY, BALANCE / GAIN AND INTEGRATOR TIME CONSTANT SETTINGS 


BIT VALUE 
BIT VALUE PER FREQUENCY OUTPUT TIME PER FREQUENCY OUTPUT 
FUNCTION kHz LEVEL CONSTANT ips FUNCTION kHz LEVEL 
40 


2.000 95 0360 
a A OS 
SS CO CD 
SS OO OY 
SE SO OC A OS 
Ps tas ogee es a 5900208 
SO Oc OS 
a EN A 
ST CS 
A OC 
SE OZ 
SS sO 
SS EY 
SS ES 
SS CC CX 
SS EZ ON 
rs ose to atts 0208 
Pe [2.6 os 200 so toes 0.200 
ES OC EX 
SE AEC OK 
SE EX Oc 
a Oc 

P29 ats ones 00 ss ata 
SE EO 

Se 
Se OO 

Ec CC Oc 
ES A OC 
OS OO 

SS 

SS A Oc 

eal , 
uJ 
CIRCUIT TEST 
COMPARATOR OUT 
OSCIN 0 OSCOUT (FROM RECTIFIER PHASE 


DETECTOR) 
FIGURE 5. DIGITAL BLOCK DIAGRAM 
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The digital block diagram shows the programming flow of the 
chip. An eight bit word is received at the MISO port. Data is 
shifted in by the SCK clock when the chip is enabled by the 
CS pin. The word is decoded by the address decoding cir- 
cuit, and the information is directed to one of 5 registers. 
These registers control: 


1. Reference knock filter frequency. 


2. Knock filter frequency. 


3. Balance control or attenuation of one channel with re- 
spect to the other. 


4. Integration time constant of the sum of the two channels. 


5. One of 3 functions. 
a) test conditions of the part. 
b) channel select to one of two sensors. 
c) channel to be attenuated. 


A crystal oscillator circuit is provided. The chip requires a 4MHz 
crystal to be connected across OSCIN and OSCOUT pins. 


In the test mode, use the digital multiplexer to output one of 
the following signals: 


1. Contents of one of the five registers in the chip. 
2. Inverted signal of the MOSI pin. 


3. Voltage of an internal comparator used to rectify the ana- 
log signal. 


INT/HOLD 


FIGURE 6. SPI TIMING 


TABLE 3. SP! TIMING REQUIREMENTS 


Tite Fon ang osoe 9 SOK amngsaoe | 10m 
Trine rom 5 ating ogo 0 SOK ring ove. | 60m 
Tarin-tnerortesoKiow | (s_ 
Trine forte SORT =i; Cs 
Trin neo SEK ise afr Sst OS aa ape | 60s 
Trine rom data valor ge ofSOK_ | Ons 


T7 min. time for data valid after the rising edge of the ve 
SCK. 


T8 min. time after CS rises until INT/HOLD goes high. 


cs 


INT/HOLD | | 


FIGURE 7. POWER UP SEQUENCE 


INT/HOLD 


= 


INTOUT 


FIGURE 8. INTEGRATOR TIMING 


TABLE 4. INTERGRATE/HOLD TIMING REQUIREMENTS 


DESCRIPTION UNITS 
T1 max. rise time of the INT/HOLD signal. } 45ns 


T2 max. time after INT/HOLD rises for the INOUT to 20s 
begin to intergrate. 

T4 typical time after INT/HOLD goes high before chip 
goes into hold state. 


20ps 


Test Multiplexer 


This circuit receives the positive and negative outputs out of 
the two integrators, together with the outputs from different 
parts of the chip. The output is controlled by the fifth pro- 
gramming word of the communications protocol. This multi- 
plexes the switch capacitor filter output, the gain control 
Output as well as the antialias output. 


Differential to Single-ended Converter 


This signal takes the output of the two integrators (through 
the test multiplexer circuit) and provides a signal that is the 
sum of the two signals. This technique is used to improve the 
noise immunity of the system. 


Output Buffer 


This output amplifier is the same as the input amplifier used 
to interface to the sensors. For test purposes when we look 
at the output of the antialias filter, the input amplifiers are in 
the power down mode. 
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SPECIAL 
FUNCTIONS 


oe tae HIP9020 


Programmable Quad Buffer with 


October 1993 Pre and Post Scaler Dividers 


Features 
Sine Wave Speedometer Input 
Input Limiting +0.25V to +100V (with 40kQ) 
Over Voltage Protection 
Current Limiting 
Programmable Prescaler 1, 6 - 11 
Post Scaler Frequency Divide by 1 or 2 
Drivers with 15mA/24V Capability 
Outputs 4 Separate Square Waves 
Internal Regulator and Bias Source 
OkHz to 6kHz Input Signal Range 
-40°C to +125°C Operating Temperature Range 


Applications 

e Prescaler 
Buffer/Limiter 
Signal Interface 
Automotive Speedometer 
Automotive Speed Control 
Automotive Tachometer 


Ordering Information 


Description 


The HIP9020 is a Vehicle Speed Sensor (Vss) Buffer IC. It 
receives sinusoidal vehicle speed information from a 
speedometer signal source. The signal is amplified and 
squared before frequency processing is done. The circuit 
provides pin programmable integer prescaler and postscaler 
dividers to scale the output frequencies. The prescaler 
divider output of the frequency doubler is mode selected for 
1 and 6 through 11. The postscaler mode is selected to the 
Output 3 with a divide by 1 or 2. The four Vox outputs are 
open collector drivers. 


Speed Sensor Input (SSI) - When current limited with a 
40kQ source impedance from the vehicle speed sensor, the 
SSI input is capable of functioning over a wide range of input 
signal. The limiter and squaring action is derived from the 
zero crossing of the input signal. The signal is converted into 
a square wave with a controlled hysteresis squaring 
amplifier. 


Power Supply - The power supply pin 2 input is intended to 
operate from a 5.0V + 0.3V source. The internal reference 
sources are derived from a temperature stable bandgap; 
including an optional 5.7V shunt regulator which may be 
used as shown in Figure 2. 


Output Drivers - Each output driver is an open NPN collector 
with a zener clamp level of typically 35V and short circuit 
current limiting. Each output is capable of sinking 15mA of 
current. 


PART TEMPERATURE 
NUMBER RANGE 
HIP9020AP -40°C to +125°C 14 Lead Plastic DIP 
HIP9020AB -40°C to+125°C | 20 Lead Plastic SOIC (W) 


Pinouts 
HIP9020 (PDIP) HIP9020 (SOIC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2790 2 
Copyright © Harris Corporation 1993 10-54 : 


HIP9020 


Programmable Quad Buffer Functional Block Diagram 


BUF 
(BUFFER OUTPUT) PRSS 


(PRESCALER SELECT) 
A_ B.C 


1] 9] 8 
PRESCALER 
ssi DIV-BY (9) prso 
(SPEED SENSOR INPUT) 1AND6-11 | (PRESCALER OUTPUT) 


DRIVER Ny 
(V, IPROT) (20) vot 
7 


DRIVER 
posi (10) DIV BY 2 OW BY 2 = (V, IPROT) (7) vo2 


(POST SCALER INPUT) 


I - OUTPUTS 
l DRIVER 
A (V, IPROT) (16) vos 
VOLT. REG. & i : I _ 
CURRENT 
DRIVER 
SOURCE (V, | PROT) (15) vo4 
Q4 
3 
ano wo) 
Poss eis 
(POST SCALER SELECT) 


EACH OUTPUT 
PROTECTED BY A 
COLLECTOR-TO-BASE 
ZENER DIODE CLAMP 


30V 


eo) CIRCLED NUMBERS ARE 20 LEAD SOP PACKAGE 


20Q 


VvO1, VO2, VO3 vO4 voi, VO2 VO3, VO4 
(POSS HIGH) (POSS HIGH) (POSS LOW) (POSS LOW) 
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FUNCTIONS 


Specifications HIP9020 


Absolute Maximum Ratings 


Thermal Information 


Supply Voltage to Pin 2, Vec (Shunt Regulator) ...... +24Vp¢Max Thermal Resistance Oya 
through 300Q and a Series Diode (1N4005 or Equiv.) or +5.3V = Plastic DIP and SOIC Package. .............0ceeeeee 90°C/W 
Max Direct Voltage Supply Source to Voc Maximum Package Power Dissipation up to +85°C ....... 720mW 

Output Voltage (Sustained) to V01,V02,V03,V04 .......... “24 Derels GhOVEGS"C. ..ccsccncseenesvaneevawscars 11.14mW/PC 

Output Load Current (SIN) ccc civecewesnveness ives ce +15mA Operating Temperature Range................ -40°C to +125°C 

Input Voltage (Through 40kQ, See Figure 1)............. +100V Storage Temperature Range ................. -65°C to +150°C 

Maximum Junction Temperature. .... 0.0.0... cece eee +150°C 
Lead Temperature (Soldering 10s)..........0.. cee eee +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = -40°C to +125°C, Voc¢ = 5V + 0.3V, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | MAX | UNITS | 


Power Supply (Vcc) 


TO OO 


8 


Input Bias Current 


Other Inputs (PRSS, POSS, POSI - See Function Block Diagram) 


input Low Voltage 2 
input High Voltage a es 


Input Current High Voc = Vin = 4.7V 


Voc = 5V 
Voc = 5V 


Input Current Low 
PRSO Output 
Output Voltage Low 


+. 


Output Voltage High 
Driver Outputs (VO1, VO2, VO3, V04) 
Output Clamp Voltage 


~ 
ror) 


> 
on 


Output Current Limit 


bh 


NO 


Veatt 
OUTPUT TO = 
SPEED SPEEDOMETER a 
SENSOR ODOMETER, 
INPUT SPEED < 
CONTROL, ETC. E 
OUTPUTS S candle _ 
(OPEN NPN & ee 
Z OUTPUT 
COLLECTORS) W 4 
je 
3 SATURATED 
: OUTPUT a 
“ON” CHARAC. 
PRESCALER E 
OPTIONAL SELECT 3 
OUTPUT INPUTS 


0 01 O2 03 O04 O85 06 
tl OUTPUT VOLTAGE VOX WITH Voc = 5 V, Vsar (V) 


FIGURE 1. TYPICAL AUTOMOTIVE APPLICATION CIRCUIT FIGURE 2. TYPICAL OUTPUT DRIVER SATURATED “ON” 
CHARACTERISTIC 
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ANO51.1 
AN5766.1 


AN6048. 1 
AN6077.1 
AN6157.1 
AN6182.1 


AN6915.1 
AN7174.1 
AN7244.2 
AN7254.2 
AN7326.1 
AN8614.1 


AN8829.2 
AN9010.4 
AN9105.1 
AN9201.1 
AN9208 

AN9209. 1 


AN9212.1 


AN9217.1 
AN9301 
AN9302. 1 
AN9304.3 
AN9323. 1 
AN9324.1 
AN9325 
AN9404 
AN9405 
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No. ANO27.1 April 1994 
POWER SUPPLY DESIGN USING THE ICL8211 AND ICL8212 


Harris Intelligent Power 


Introduction 


The ICL8211 and ICL8212 are micropower bipolar mono- 
lithic integrated circuits intended primarily for precise voltage 
detection and generation. These circuits consist of an accu- 
rate voltage reference, a comparator and a pair of output 
buffer/drivers. 


Specifically, the |CL8211 provides a 7mA current limited out- 
put sink when the voltage applied to the THRESHOLD input 
is less than 1.15V. Figure 1 shows a simplified functional dia- 
gram of the ICL8211. 


V+ 


1.15V 
VOLTAGE 
REFERENCE 


> THRESHOLD 


9 OUTPUT 


a 
CURRENT 
ow LIMIT 


FIGURE 1. ICL8211 FUNCTIONAL DIAGRAM 


The ICL8212 provides a saturated transistor output (no current 
limit) whenever the input THRESHOLD voltage exceeds 1.15V. 
Both circuits have a low current HYSTERESIS output which is 
turned on when the THRESHOLD voltage exceeds 1.15V, 


enabling the user to add controlled hysteresis to his design. ICL 8214 z 
Figure 2 shows a simplified functional diagram of the ICL8212. Oo as 
Ww 
V+ 0 2 5 
—t 
a= 
o. 
< 


9 HYST 


9 THRESHOLD 


9 OUTPUT 


FIGURE 2. 1CL8212 FUNCTIONAL DIAGRAM 


Copyright © Harris Corporation 1994 


For a detailed circuit description of the ICL8211/ICL8212 
refer to the data sheet. For large volume applications the 
ICL8211/ICL8212 may be customized by the use of metal 
mask options to include setting resistors or to vary the output 
options, or even to adapt the circuit as a temperature sens- 
ing element. 


Applications for the ICL8211/ICL8212 include a variety of 
voltage detection circuits, power supply malfunction detec- 
tors, regulators, programmable zeners, and constant current 
sources. In this discussion we will explore the uses of the 
ICL8211/ICL8212 in power supply circuits of various types. 
Their attractiveness to the power supply designer lies largely 
in their ability to operate at low voltage and current levels 
where standard power supply regulator devices cannot be 
used. In addition, the unique features of the ICL8211/ 
ICL8212 make them useful in many ancillary circuits such as 
current sources, overvoltage crowbars, programmable zen- 
ers and power failure protection. 


Positive Voltage Regulators 


Using the ICL8211/ICL8212 it is possible to design a series 
of power supply regulators having low minimum input volt- 
age and small input/output differential. These are particularly 
useful for local regulation in electronic systems as their small 
input/output differential results in low power loss. 


a $F 
Bay $e LF 


FIGURE 3. POSITIVE REGULATOR - PNP BOOST 


The ICL8211 in Figure 3 provides the voltage reference and 
regulator amplifier while Q1 is the series pass transistor. R1 
defines the output current of the ICL8211 while C1 and C2 
provide loop stability and also act to suppress feed-through 
of input transients to the output supply. R2 and R3 determine 
the output voltage as follows: 


R2+R3 


Vout = 1.15 x R3 
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In addition, the values of R2 and R3 are chosen to provide a 
small amount of standing current in Q1, which gives addi- 
tional stability margin to the circuit. Where accurate setting 
of the output voltage is required, either R2 or R3 can be 
made adjustable. If R2 is made adjustable the output voltage 
will vary linearly with shaft angle; however, if the potentiome- 
ter wiper were to open circuit, the output voltage would rise. 
In general, therefore, it is better to make R3 adjustable as 
this gives fail-safe operation. 


The choice of Q1 depends upon the output requirements. 
The ICL8211 has a worst case maximum output current of 
4mA, so with any reasonable device for Q1 the circuit should 
be capable of 50mA output current with an input to output 
drop of 0.5V. If larger output currents are required Q1 could 
be made into a complementary quasi-darlington, but the 
input/output differential will then increase. 


Note also that Q1 provides an inversion within the loop so 
the non-inverting |CL8211 must be used to give overall neg- 
ative feedback. 


One limitation of the above circuit is that input voltages must 
be restricted to 30V due to the voltage rating of the ICL8211. 
The circuit of Figure 4 avoids this problem. 


FIGURE 4. POSITIVE REGULATOR - JFET BOOST 


In this circuit the input voltage is limited only by the voltage 
rating of Q1. The input/output differential is now dependent 
on the Rosion) of the JFET boost transistor. For instance, if 
Q1 were a 2N4391 the maximum output current would be 
equal to Ipssqmin) Which is 50mA and the input/ output differ- 
ential would be: 


Rosion) x LOAD = 300 x 50mA = 1.5V 


However, at lower load currents the input/output differential 
will be proportionately lower. 


A further consideration when choosing the FET boost tran- 
sistor is that its pinch-off voltage must be less than the out- 
put voltage in order for the ICL8212 to be able to pull the 
gate down far enough to turn the device off at no load. 


The predominant loop time constant is provided by R2 and 
C1. This time constant should be chosen as small as possi- 
ble commensurate with loop stability as it also affects load 
transient response. After an abrupt change in load current C1 
must be charged to a new voltage level by R2 to regulate the 
current in Q1 to the new load level and therefore the smaller 
the R2 x C1 product the better the load transient response. 
The value of C2 should be chosen to maintain the output 
within desired limits during the recovery period of the main 
loop. Note, however, that because of the wide bandwidth of 


the ICL8212 and the absence of charge storage effects in the 
FET, these considerations are not particularly restrictive. 


For higher current outputs the system could be further 
boosted using a bipolar transistor. One attraction of using a 
FET only output, however, is that the Ipss of the FET gives a 
measure of output short circuit protection. Should both the 
low input/output differential of the circuit of Figure 3 plus the 
extended input voltage capability of Figure 4 be required, the 
circuit of Figure 5 may be used. 


INPUT 


ICL8211 


TH 
re 3 
FIGURE 5. POSITIVE REGULATOR - NPN + PNP BOOST 


This circuit is similar to that of Figure 3 except that Q1 has 
been added as a common base stage to buffer the output of 
the ICL8211 from the input supply and R1 and D1 to protect 
the input. Unfortunately, the ICL8211 cannot be supplied 
from the regulated output as this would result in the power 
supply being non self-starting. The choice of values for R2, 
R3, R4, C1 and C2 is identical to that of Figure 3, while D1 
must be a voltage equal to or larger than the output voltage. 
R1 must be chosen to provide the relatively low supply cur- 
rent requirement of the ICL8211. An alternative arrangement 
for starting the circuit is to replace D1 with R5 and add D2. In 
this case the choice of R1 and Ré5 is such that once the out- 
put supply is established the ICL8211 is supplied through D2. 


Sy 


In the circuit of Figure 5, Q1 and Q2 are connected in the clas- 
sic S.C.R. or Thyristor configuration. Where higher input volt- 
ages or minimum component count are required the circuit of 
Figure 6 can be used. The thyristor is running in a linear mode 
with its cathode as the control terminal and its gate as the out- 
put terminal. This is known as the remote base configuration. 


INPUT 


ICL8211 


TH 
v- 


FIGURE 6. POSITIVE REGULATOR - THYRISTOR BOOST 
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A word of warning, however. Thyristor data sheets do not 
generally specify individually the gain of the PNP portion of 
the thyristor, on which the circuit relies. It must therefore 
either be very conservatively designed or some screening or 
guarantee of the PNP gain be provided. 


Note that, with the exception of the Ipsg limit of Figure 4, 
none of the circuits so far provide output current limiting. In 
general, they are intended for applications in which the extra 
voltage drop of a current sensing resistor would be unac- 
ceptable. Where the circuits are used as local regulators and 
the output supplies are only connected to local circuitry the 
chance of output short circuits is relatively low and overcur- 
rent protection is considered unnecessary. Where protection 
is required it can be added by any of the standard tech- 
niques. Figure 7 shows the simplest possible constant cur- 
rent protection added to the circuit of Figure 3. 


INPUT 
2.2V - 30V 


ICL8211 
OUTPUT 


1.15V - 29V 


FIGURE 7. POSITIVE REGULATOR - PNP BOOST CURRENT 
LIMITED 


In this circuit the current threshold is set by the base-emitter 
voltage of Q1 so that when the voltage drop in R2, due to 
load current, is sufficient to turn on Q1 base drive is removed 
from Q2 by Q1 collector. Note that this circuit works only 
because the output current of the ICL8211 is current limited 
so that there is no danger of Q1 and the ICL8211 blowing 
each other up with unlimited current. 


Negative Voltage Regulators 


Because the reference voltage of the ICL8211/ICL8212 is 
connected to the negative supply rail, and their output con- 
sists of the open collector of an NPN transistor, it is not pos- 
sible to construct a negative equivalent of the circuit of 
Figure 3. However, a negative equivalent of Figure 4 is eas- 
ily constructed. 


Of course the JFET must now be a P-channel device but 
otherwise the design considerations are identical to those for 
Figure 4. Should further boost of the output current level be 
required, an NPN boost transistor, Q2, (shown dotted) can 
be added. However, the charge storage effects of the NPN 
transistor will reduce the loop bandwidth so that R2 or Cl 
should be increased to maintain stability. Note also that in 
the circuit of Figure 8 an ICL8211 is used instead of an 
ICL8212 in order to maintain correct feedback polarity. 


FIGURE 8. NEGATIVE REGULATOR - JFET BOOST 


Figure 9 is the closest negative equivalent to the circuits of 
Figures 5 and 6. In this case R1, R2 and D1 ensure that the 
circuit is self starting. The divider R1/R2 must be chosen to 
ensure that sufficient voltage (say -1V) is present at the base 
of Q1 to start the circuit under minimum output voltage con- 
ditions, but once the circuit is running D1 must remain for- 
ward biased even at maximum input voltage, otherwise the 
output of the ICL8212 will be unable to pull the emitter of Q1 
low enough to turn it off under no load conditions. Thus for a 
3V output supply which runs from a minimum 4V input the 
ratio of R1 to (R1 + R2) must be one quarter. In order that 
the base of Q1 is not taken below -3V once the circuit is run- 
ning the maximum input voltage would therefore be -12V. An 
alternative arrangement which avoids this restriction is to 
replace R1 with a zener diode, reduce the value of R2 and 
delete D1. 


In this case the only restriction is that the zener voltage shall 
be less than or equal to the output voltage of the regulator. 


In the circuit of Figure 9, R3 must be chosen to provide suffi- 
cient base drive for Q2 via Q1 under maximum load condi- 
tions. The maximum value of the current in R3 which may be 
tolerated is 12mA, the worst case sink current of the 
ICL8212 output transistor. 


o/P 
ICL 


TH 
8212 


va 


FIGURE 9. NEGATIVE REGULATOR - NPN + PNP BOOST 


Current limit can be applied to the circuits of Figure 9 in an 
analogous manner to Figure 7. In this case R3 is the current 
source for the base of Q2, ensuring that the current limit 
transistor Q3 has a defined maximum collector current. 
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FIGURE 10. CURRENT LIMITED NEGATIVE REGULATOR - 
NPN + PNP BOOST 


Ancillary Power Supply Circuits 


Figure 11 shows the ICL8212 connected as a programmable 
zener diode. Zener voltages from 2V up to 30V may be pro- 
grammed by suitable selection of R2, the zener voltage being: 
R1+R2 

R1 


Vz = 1.15 x 


Vz (V) 


6 
5 
4 
3 
2 
1 
0 


0.01 01 1.0 10 100 
tz (mA) 


FIGURE 11. PROGRAMMABLE ZENER 


Because of the absence of internal compensation in the 
ICL8212, C1 is necessary to ensure stability. Two points 
worthy of note are the extremely low knee current (less than 
300yA) and the low dynamic impedance (typically 4Q to 7Q) 
over the operating current range of 300nA to 12mA. 


The circuit of Figure 12 shows how the ICL8211/ICL8212 
may be used as constant current circuits. At the current lev- 
els obtained with the ICL8211 or ICL8212 on their own, the 
principal application will be in providing the “tail” currents of 
differential amplifiers which may be used in power supply 
design. A more useful application in power supplies is the 
programmable current source shown in Figure 13. 


ICL8212 I= 25yA 
I1CL8211 1 =130uA 


FIGURE 12. CONSTANT CURRENT SOURCES 


FIGURE 13. PROGRAMMABLE CURRENT SOURCE 


In this case the output current is given by: 


V 

lb = 25uA+ e+ 1 +8) 

Where 8 is the forward current gain of Q1 and Vg. is its 
emitter-base voltage. The principal cause of departure from 
a true current source for this circuit will be the variations in B 
with collector voltage of Q1. With the current settable any- 
where in the range of about 300A to 50mA and an operat- 
ing voltage range from 2V to 30V, this circuit is particularly 
Suitable as the current source driving the base of an output 
transistor in conventional series regulator power supplies. 
Another useful application is as the current source feeding a 
reference zener in highly stable reference supplies. Again, 
because of the absence of internal compensation in the 
ICL8212, C1 is provided to ensure loop stability. It also helps 
to keep output current constant during voltage changes or 
transients. 


The standard method of overcurrent protection in simple 
series regulated supplies is shown in Figure 14. 


The current limit value is simply: 
Veg (Q3) 


lc. = Ra 


The disadvantages of the circuit is the poor temperature 
coefficient of the emitter base voltage of Q3, the large varia- 
tion of Vee between different devices and the badly defined 
transition between constant voltage and constant current 
States due to the low gain of the current regulation loop. 
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UNREGULATED INPUT 
BASE DRIVE 


/ ~«— POWER DEVICE 
PG i. 


FIGURE 14. STANDARD CURRENT LIMIT 


REGULATED OUTPUT 


In this case the current limit value is: 


1.15V 
ou = Re 


One advantage of the circuit is the much improved 
temperature coefficient of the limit current. In Figure 14 the 
typical coefficient is 0.3%/°C, while in Figure 15 the typical 
coefficient is 0.02%/°C. In addition, the higher gain of the 
ICL8212 gives a much sharper transition between voltage 
limit and current limit conditions. The spread of threshold 
voltages will also be lower in this circuit, but if precise 
adjustment of the threshold is required R3 and R4 may be 
added as shown in Figure 15. 


UNREGULATED INPUT 


BASE DRIVE 
E- ~=— POWER DEVICE 


R2 
REGULATED OUTPUT 


FIGURE 15. IMPROVED CURRENT LIMIT 


The major penalty of the system is the extra 500mV which 
must be dropped in R2 to effect current limiting. Note again 
that the low operating voltage and power supply current 
allow the ICL8212 to be powered directly from the base drive 
voltage of the power supply. 


This circuit protects sensitive loads against high voltage 
transients on the power supply rail. Should the input voltage 
exceed the threshold set by R2 and R1, the ICL8211 will turn 
off Q1 and hence protect the load from the transient. R3 pro- 
vides optional voltage hysteresis if so desired. 


The most popular form of overvoltage protection is the Thy- 
ristor crowbar, which short circuits the supply in the event of 
an overvoltage condition. The circuit of Figure 17 triggers a 
thyristor when the supply voltage reaches a threshold 
defined by R1 and R2. The very low quiescent current of the 
ICL8212 means that there is negligible voltage drop in R4 
during sensing so that accuracy is unimpaired and there is 
no danger of triggering the thyristor. The connection from pin 


2 provides hysteresis which is necessary in this case 
because the reference will rise on the top of R4 as soon as 
the threshold is reached and otherwise would provide nega- 
tive feedback, which is overcome by the large positive feed- 
back from pin 2. Resistor R3 limits the output current of the 
ICL8212 to a safe value of, say, 20mMA. To operate properly 
the thyristor should have a gate trigger current not greater 
than about 10mA. Where higher gate currents are necessary 
the circuit of Figure 18 may be used. 


SUPPLY 


SUPPLY LOAD 


ICL8212 
V- 


SUPPLY LOAD 


FIGURE 18. OVERVOLTAGE CROWBAR 
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In this case the ICL8211 holds down the base of Q1 until the 
circuit is triggered. The current in R3 should not exceed 4mA 
as this is the worst case current the ICL8211 can sink at its 
output. With this circuit thyristors requiring gate drives in the 
50mA to 100mA region are easily tolerated. 


Notice that in both the above circuits no extra supplies are 
needed to make the crowbars work down to voltages as low 
as 3V. In particular, this makes the circuits most suitable for 
use on 5V logic supplies where no other rails may be avail- 
able to power a crowbar circuit or where, for reasons of 
safety, one does not wish to rely on auxiliary supplies. 


In some systems it is undesirable to allow the supply rail to 
be partially established. For instance, in a logic system logi- 
cal malfunctions may occur. Another example is the LM199/ 
299/399 temperature stabilized reference. If the heater sup- 
ply falls below about 9V the unit tends to “run away” and 
destroy itself. 


Should the power supply voltage fall below the level 
determined by R1 and R2, Q1 is turned off, disconnecting the 
load entirely so that it cannot operate at partial voltage. Note 
that the removal of the load may cause the supply voltage to 
rise and the possibility of an oscillatory condition exists. 
Resistor R3 therefore provides a small hysteresis, which 
should be calculated to exceed the full load regulation drop of 
the supply. 


The circuits of Figures 16 and 19 can be combined so that a 
load is only connected to the supply when the supply voltage 
is within a specified range. In this case IC1 senses the over- 
voltage condition while |C2 senses the undervoltage condi- 
tion. Again, hysteresis may be added as necessary by the 
addition of R3 and R85. 


SUPPLY 


Ql 


SUPPLY 


PROTECTED 
LOAD 


FIGURE 19. LOW VOLTAGE DISCONNECT 


In many systems, particularly those using microprocessors, 
it is necessary to provide a logic signal which gives advance 
warning of an impeding power failure so that the system can 
execute a shutdown routine before power is lost. A simple 
undervoltage detector on the regulated supply is generally 
insufficient as by the time an undervoltage signal is gener- 
ated, the supply is already out of regulation and unless it 
falls very slowly there will not be sufficient time to shut the 
system down properly. 


In the circuit of Figure 21, an incipient power failure is 
detected at the unregulated input of the regulator. Note that 
the value of main reservoir capacitor C1 must be large 
enough so that the shutdown routine can take place before 
the regulator drops out of regulation. Waveforms for a typical 
power failure are shown in Figure 22. 


FIGURE 20. POWER SUPPLY WINDOW DETECTOR 
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FIGURE 21. SIMPLE POWER FAIL SYSTEM 


The threshold detector should be an ICL8212 if a logic ‘1’ is 
required to initiate shutdown, or an ICL8211 if a logic ‘0’ is 
required. Note that the ICL8212 will drive 7 TTL loads and 
the ICL8211 2 TTL loads. 


Notice that, because of the ripple always present on the 
unregulated supply, power failure was not actually detected 
until some time after the removal of input power. This waste 
of time means that larger voltage margins must be built into 
the system, reducing the regulator efficiency under normal 
operating conditions. In some instances, however, this circuit 
may be adequate. 


FULL WAVE 
RECTIFIED AC 


VOLTAGES OF 


REGULATOR REGULATED OUTPUT 
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LOGIC INPUT 


In Figure 24, the power is monitored at a point isolated from 
the main capacitor C1 so that failure can be detected without 
having to wait for C1 to discharge below the minimum volt- 
age of the normal ripple. Waveforms for this circuit are 
shown in Figure 24. 


In this case R1 tops up C2 to the zener voltage each cycle, 
while C2 holds the input of the ICL8211 or ICL8212 (depend- 
ing on the polarity of the required output signal) above its 
threshold during the zero crossings of the AC waveform. 
However, in the event of a power failure, C2 discharges 
through R2 to the threshold voltage of 1.15V, at which point 
the power fail signal is activated. 


In this case, the worst point at which a power failure can 
occur is just before Ct begins to charge on the rising side of 
the input AC signal. However, because of the fast warning 
given by the system, it is still superior than that of Figure 21 
in the time allowed for a shutdown routine. 


Conclusions 


Just a few of the many possible applications of the ICL8211 
and ICL8212 in power supply systems have been described. 
Both in power supply systems and elsewhere, the features 
of the ICL8211 and ICL8212 make them very useful general 
purpose circuits. Once aware of the useful features of these 
low power, low voltage circuits the designer will rapidly dis- 
cover a large number of applications for himself. 


UNREGULATED INPUT 


oan en nnn e ee eee-- ~<— PEAK OF RIPPLE 
stieennec mana ~<— VALLEY OF RIPPLE 

=-------- ~<— DETECTOR THRESHOLD 

== —<— MINIMUM INPUT 

OF REGULATOR 


FIGURE 22. SIMPLE POWER FAIL SYSTEM WAVEFORMS 
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FIGURE 23. IMPROVED POWER FAIL SYSTEM 
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FIGURE 24. IMPROVED POWER FAIL SYSTEM WAVEFORMS 
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Introduction 


This application note describes a device originally designed 
to solve the specific problem of needing a negative supply 
when only a positive supply is available. This is very 
common, and occurs, for example, in systems using 
dynamic RAMs where the three-supply devices require a low 
current body bias supply of around -5V. Negative supply 
voltage is also desired in systems with a lot of digital logic (at 
+5V) but containing a small analog section using A/O 
converters, such as the ICL7107 or ICL7109 and/or op amps 
and comparators, operating on ground referenced signals. In 
all these cases, the current requirement and regulation are 
not very demanding, but nevertheless, generating such a 
-5V supply is usually expensive and inefficient. Typically, a 
large number of discrete and integrated-circuit components 
are needed to convert the common +5V line into a negative 
one, or to add an extra output to the main supply, the 
backplane wiring, etc. 


This problem is solved by the ICL7660, a monolithic CMOS 
power supply circuit offering unique performance advan- 
tages over previously available devices. With the addition of 
only two noncritical capacitors (for charge pump and stor- 
age), it performs the complete supply voltage conversion 
from positive to negative for any input voltage between 
+1.5V and +10V, and provides the complementary output 
voltage of -1.5V to -10V. (An additional diode is needed for 
voltages above 6.5V.) The device operates by charging a 
pump capacitor to the input supply voltage and then applying 
the capacitor across the output supply, transferring the nec- 


essary charge to an open-circuit storage capacitor. = 

aor The complete implementation of this function is achieved on = wn 
The ICL7660 delivers an open-circuit output equal to the 4 single CMOS chip, as shown in Figure 2. <q Ww 
negative of the input voltage to within 0.1%. Capable of pro- Ss) 5 
ducing 20mA, the device has a power-conversion efficiency The ICL7660 contains all the necessary conversion functions - = 
of about 98% for load currents of 2mA to 5mA. The use of on-chip, except for the external pump and output reservoir a 


two or more ICL7660s extends the device's capability, as will 
be shown later. 


Principles of Operation 


Since the ICL7660 multiplies either positive or negative 
voltages by a factor of two, it can be considered a simple 
voltage doubler. This basic voltage doubling operation is 
shown in Figure 1, where S, and S, are the switches used to 
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charge C,, and S, and S, transfer the charge to Co. It differs 
from most voltage doublers in that the usual blocking diodes 
are replaced by on-chip active MOS transistor switches. 


S2 


FIGURE 1. IDEALIZED VOLTAGE DOUBLER 


For a negligible load, clearly the voltage inversion will be 
nearly perfect, with only a tiny charge being lost to stray 
Capacitance. With a significant load, the behavior is more 
complex. 


The amount of charge transferred from C, to C, depends 
upon the amount lost from Cz to the load, and this charge 
must be made up by C, from the basic power supply. The 
switches themselves also have series resistance, leading to 
further theoretical complications, but the net result is a typi- 
cal overall output impedance of around 55Q (100Q max), 
provided that the capacitors are sufficiently large. For the 
natural oscillation frequency of the built-in oscillator (approx- 
imately 10kHz) values of 10,.F are adequate. 


Capacitors and is made with a low-threshold CMOS technol- 
ogy using p- and n-channel transistors that turn on at 0.6V. 
The low power dissipation, simplicity, and small chip size of 
CMOS make it a near-ideal technology for this application. 


The ICL7660 contains an RC oscillator, a series voltage regu- 
lator, a voltage-level translator, and a logic network (Figure 2). 
The logic network senses the voltage on the sources and 
drains of the two output n-channel transistors Q3 and Q4 and 
ensures that their substrates are always correctly biased. 
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Power Efficiency 

In the case where a capacitor is charged and discharged 

between two voltages, V,; and Vo, the energy lost is defined by 
C(V,2-V,2) 

= a, 

where C is value of the capacitor in farads and E is the lost 


energy. If V; = Vo is very small compared with V,, the per- 
centage energy loss is also small, given as: 


100(V,2-V,2) 
2 (V,2) 


At the limit, when V2 = V;, no energy is lost. If the values of 
C, and Cz in Figure 1 are made very large and their imped- 
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ances at the switching frequency are very low compared 
with the load resistance, energy-conversion efficiencies 
approaching 100% can be obtained. Energy is lost only by a 
change of voltage during the transfer of charge into and out 
of a capacitor. 


Detailed Description 
Oscillator - Divider - Regulator 


The ICL7660s oscillator (Figure 3) drives a conventional 
divide-by-2 counter whose principal function is to supply a 
50% duty cycle output (at half the input frequency) to the 
voltage-level translator circuit. The conventional static 
counter requires a two-phase clock, and supplies an output 
signal and its complement. 
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FIGURE 3. THE ICL7660s OSCILLATOR, DIVIDER AND INTERNAL REGULATOR 
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When the output of inverter A1 is switched high, capacitor C 
charges positively until inverter A2 (which has a high input- 
voltage trip point) switches its output low, to turn on transis- 
tor Q;. Q, in turn forces the ratioed-inverter latch A4 - A5 to 
switch its output low. C then discharges negatively until 
inverter A3 (which has a low input-voltage trip point) 
switches its output high, turning on transistor Qo. The output 
of Q, resets A, - As and restarts the cycle. 


Since the oscillator has a high input impedance of about 1MQ, 
it may be driven from an external source such as a TTL gate 
or equivalent, or its frequency may be lowered by the addition 
of an external capacitor. At room temperature with a +5V sup- 
ply and no external capacitor, the oscillator frequency will be 
10kHz. The internal capacitance is about 10pF. 


A series voltage regulator consisting of zener reference 
diode Z,, resistor R;, and source-follower p-channel 
transistor Q3 provides a partially regulated supply for all the 
low voltage circuitry on the chip. The regulator can supply up 
to -5V (with respect to the positive power supply) for input 
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supply voltages of about 6V and higher. Because of the 
modest size of Q3, the voltage regulator not only reduces 
power consumption at high supply voltages, but also limits 
the maximum current taken by the oscillator and the divide- 
by-2 counter. 


The LV terminal can be used to short out the on-chip series 
regulator for better operation at low supply voltages. With 
the Low-Voltage terminal connected to ground, operation 
with an input supply voltage as low as 1V is possible. At 
higher voltages, however, it is mandatory that this terminal 
be open, in order to allow the internal voltage regulator to 
stop device latchup and avoid internal damage. 


The Level-Transiator and Output Switches 


The level translators (Figure 4) provide switching signals to 
the gates of the four output transistors, Q, through Qg,, with 
amplitudes equal to the sum of the output and supply volt- 
ages. They also ensure that a break-before-make sequence 
takes place as switching alternates between charge and 
pump configurations. 
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FIGURE 4. THE ICL7660s OUTPUT SWITCHES AND VOLTAGE LEVEL TRANSLATOR CIRCUIT 
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The Substrate Logic Network 


The substrate logic network (Figure 5) is the most critical 
part of the converter chip. Its two main functions are to make 
sure that the substrates of Qo and Q, (Figure 4) are never 
forward-biased with respect to their sources and drains, and 
to establish the most negative voltage of any part of the cir- 
cuit in either the charge or the pump cycles. This internal 
negative supply, V~, is used to power the level translators. It 
drives the gate of either Q3 or Q, to a voltage similar to that 
of the sources to ensure transistor turn off. 


INPUTS 
FROM LEVEL 
TRANSLATORS 


FIGURE 5. THE SUBSTRATE LOGIC NETWORK 


Transistors Q3 and Q, require special drive considerations, 
since the sources and drains are inverted on each device 
during pump and charge phases. Consider Q3's operation, 
for example. During the charge phase, the most positive 
source/drain terminal is connected to the external charge- 
pump capacitor. This terminal is then, by definition, the drain, 
whereas the source which is more negative is connected to 
ground. To minimize Q3's resistance, it is also desirable to 
connect its substrate to ground and not to the output voltage 
or to Vy, since reverse-biasing the substrate of an MOS 
transistor with respect to its source increases its threshold 
voltage, and therefore the ON resistance. 


During the pumping phase, the external capacitor's negative 
terminal is shifted negatively by a voltage approximately 
equal to the supply voltage. In this case, the most negative 
source/drain terminal is connected to the negative side of 
the external capacitor (and thus becomes the source of Qs), 
and its drain is connected to ground. 


Similar source-drain reversals occur for Q4 except that here 
conditions are different for output short-circuit operation than 
during normal operation. Sensing circuitry monitors the volt- 
ages on the external capacitors negative side and Voy7, and 
compares them with ground. The substrate of Q, is then 
connected to the most negative of them. Figure 5 shows the 
substrate steering transistors for Q3 and Q,. The steering 
transistors (Qg;.5 are relatively small n-channel devices, and 
share Q3 and Q,'s substrates). 


SCR Latch Up 


A CMOS device is inherently a four-layer, or silicon-con- 
trolled-rectifier (SCR), structure. This structure can be turned 
on through the forward biasing of the inherent pn junctions, 
and unless external current-limiting circuitry is used, latchup 
and resultant failure can occur. 


The n-channel transistor source acts as the cathode of the 
SCR, and the p+ source of the p-channel transistor acts as the 
anode. Either n- or p-channel drains can act as the SCR gate. 
With about 2V or more across the anode and cathode, the SCR 
can have either a low-impedance (ON) or high impedance 
(OFF) state. For the ON state to occur, three things must hap- 
pen: the product of the transistors’ current gains, or betas, must 
be at least unity, a current greater than the holding current must 
be present, and a trigger pulse must be applied to either gate of 
the SCR. Trigger signals may be caused by static discharge on 
the gates or by connecting either gate to the power supplies 
before connecting Power-supply lines to other terminals of the 
SCR. Even extremely high rates of voltage change across any 
two or more SCR pn junctions can produce latchup. 


Triggering a CMOS SCR causes it to present an extremely 
low impedance (1Q to 100Q) across the power supply. 
Unless the power supply is current-limited, the device 
latches up and is often destroyed, usually by the vaporiza- 
tion of one of the bonding wires. 


Although ICL7660 output-section switching transients are 
mainly capacitive, they inject currents into the substrate. At 
high input supply voltages, these transients can forward- 
bias junctions associated with the p- well or the Q, sub- 
strate. This in turn may trigger the inherent SCR in Q, and 
the adjacent on-chip circuitry. The result is to rapidly dis- 
charge the reservoir capacitor. 


After the reservoir capacitor is almost totally discharged and 
the current in the SCR has fallen below the holding value, 
the device again operates correctly, until the output voltage 
(reservoir capacitance voltage) reaches the same critical 
value, and the latchup phenomenon starts again. Since this 
effect occurs only during the start of the charge cycle, and 
not during the pump cycle, isolating the reservoir capacitor 
with an external diode at the Voyr7 terminal prevents capaci- 
tor discharge. This is recommended when using the device 
at higher voltage and temperatures. Otherwise the substrate 
logic network prevents SCR triggering, which is therefore not 
a problem for most operating conditions. 


Basic Application 


The applications of the ICL7660 are remarkably varied, 
especially considering the rather narrow nature of the basic 
device function. 


The basic circuit is shown in Figure 6, and the output charac- 
teristics for 5V inversion in Figure 7. For light loads, the out- 
put voltage follows the input very precisely, while for heavier 
loads, the output can be viewed as having perfect inversion, 
plus an output resistance of about 552. 


FIGURE 6. SIMPLE NEGATIVE CONVERTER 
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FIGURE 7. OUTPUT CHARACTERISTICS 


Thus at 18mA load, the output voltage drops about 1V below 
the input. Beyond around 40mA, the voltage drop becomes 
very nonlinear, and the circuit self-limits, thereby protecting 
itself against excessive power dissipation. The output ripple 
is dependant primarily upon the output capacitor, since this 
must hold up the load during half the cycle time (or one oscil- 
lator period). In the steady-state case, this ripple is made up 
during the other half cycle time, and enough pump capaci- 
tance should be used to ensure that this is done monotoni- 
cally. The recommended values ensure this for the internal 
oscillator frequency. 


For operation at low voltages, the output impedance begins 
to rise rather rapidly, as a result of reduced turn-on voltage 
on the MOSFET switches (Figure 8). This effect can be 
reduced by bypassing the internal regulator, tying LV to 
Ground, as shown in Figure 9. This must not be done, how- 
ever, if the incoming supply an exceed 8V under any circum- 
stances, a the Internal logic oscillator and divider stages will 
he damaged. Note also the use of a series diode (Dx) at 
higher voltage and temperature, to protect the device 
against SCR action. 
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FIGURE 8. OUTPUT RESISTANCE 


Figure 9 also shows an external oscillator capacitor. This 
can be used to reduce the oscillator frequency, giving a 
slight improvement in efficiency; see Figure 10. 
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FIGURE 10. EFFICIENCY CHANGE WITH OSCILLATOR 
FREQUENCY 


The dependence of the frequency on this external capaci- 
tance is shown in Figure 11. This can also be done to move 
the frequency away from a band of undue sensitivity to EMI 
in a system. However the output ripple will be increased, and 
the output impedance also unless the pump and storage 
Capacitors are correspondingly increased. 
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FIGURE 11. FREQUENCY VARIATION WITH OSCILLATOR 
CAPACITANCE 
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Synchronization to an external clock can be readily 
achieved, as shown in Figure 12. A TTL device can be used 
with the addition of a pull-up resistor (10kQ to V+ is suit- 
able), as can any input swinging rail-to-rail on the positive 
supply. The series resistor prevents problems with overdrive 
on the internal logic. Output transitions occur on the positive 
edge of the external input. 


FIGURE 12. EXTERNAL CLOCKING 


Wider (Parallel Connections) 


For applications where the voltage drop due to load current is 
excessive, several ICL7660s can be paralleled. Normally this 
cannot be done efficiently with power supply circuits, since 
each one has a different idea of where the “ideal” output volt- 
age would be and they usually end up fighting each other. 
However, here they see equal input voltages, and the virtually 
perfect inversion assures that each one does have the same 
idea of where the output should be so load sharing is assured. 
Each device must have a separate pump capacitor, since the 
oscillators cannot be synchronized except with an external 
drive, and even then the -2 will be in a random condition. The 
connections are shown in Figure 13. Naturally the output 
capacitor is common to each device. Running independently, 
the ripple content will include components at the difference 
frequency as well as the individual pumping frequencies. If 
this is undesirable, a single exclusive NOR gate can be used 


to put two ICL7660s into antiphase by comparing the outputs 
on pin 2, and clocking one to maintain near synchronization 
with the basic oscillator of the other, as shown in Figure 14. 


Vv 


sia 


Vout 


FIGURE 14. SYNCHRONIZING TWO ICL7660s 


The concept can be extended to drive four devices in four 
separate phases, using a single extra logic-gate package, as 
shown in Figure 15. The duty cycle of the oscillator is 
reasonably close to 50%, so driving two pairs, each in the 
configuration of Figure 14, from opposite phases of the 
oscillator gives four separately-timed pumps per cycle. This 
circuit will give about 75mA output before the voltage drops 
by 1V, or an output impedance of under 14Q The four phase 
operation minimizes the ripple, while ensuring very even 
load sharing. For even more parallel synchronous device, a 
Johnson counter using Q and Q outputs should be 
considered. 


FIGURE 13. PARALLELING DEVICES 
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FIGURE 15. SYNCHRONIZING A QUAD 


Deeper (Series Connection) 


It is also possible to connect ICL7660s in series, cascading 
them to generate higher negative voltages. The basic con- 
nections are shown in Figure 16. 


This technique can be extended to several multiplication lev- 
els. However, the basic limitations of this technique must be 
recognized. In line with the Laws of Thermodynamics, the 
input current required for each stage is twice the load current 
on that stage, plus the quiescent current required to operate 
that stage. 


Thus the load current is rapidly multiplied down the chain, as 
shown in Figure 17. Note also that the quiescent current 
increases the load current on each stage, though not as fast 
as the ultimate load itself. 


Vout ® (3Vg - Ro (141, = Sig) 
Vici = Ve - Ro (31, = 2lg) 
Veo = Vg - Ro (5i,_ = 3lq) 
V3 = Vg - Ro (61, = Sig) 


FIGURE 17. CURRENT FLOW FOR CASCADED DEVICES 


Furthermore, the loss in voltage in early stages due to series 
resistance is multiplied through all subsequent stages. Thus 
the effective output impedance mounts rapidly with the num- 
ber of stages. (See Table 1) This effect can be reduced by 
paralleling devices in the lowest stages (see above.) If the 
weighting corresponds to the square of the position, the 
effective resistance to load current goes up only linearly with 


NOTES: 
1. Voyrt = -n+ for 1.5V < V+ < 6.5V. 
2. Vout = -n (V+ -Veox) for 6.5V s V+ s 10.0V. 


FIGURE 16. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE 
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the number of stages, but the cost quickly becomes prohibi- 
tive. Nevertheless, for light loads and moderate multiplica- 
tion, useful performance can be achieved. 


TABLE 1 


| #STAGES RESISTANCE MULTIPLIERS 


A variation of this circuit, another form of series circuit, is 
shown in Figure 18. This circuit can be used effectively to 
generate -15V from +5V in light load applications using only 


two devices. The output impedance corresponds roughly to 
n = 2 in Table 1, much better than if the previous circuit were 
used with n = 3. In general, geometric increases, as in Fig- 
ure 18, are better until the voltage limit is reached, at which 
time arithmetic cascading as in Figure 16 must be utilized. 


Upside Down (Positive Multiplication) 


The ICL7660 may be employed to achieve positive voltage 
multiplication using the circuit shown in Figure 19. In this 
application, the pump inverter switches of the ICL7660 are 
used to charge C, to a voltage level of V+ -V- (where V+ is 
the supply voltage and V¢ is the forward voltage drop of 
diode D,) On the transfer cycle, the voltage on C, plus the 
supply voltage (V+) is applied through diode D, to capacitor 
Cy. The voltage thus created on Cy becomes (2V+) - (2V-) 
or twice the supply voltage minus the combined forward volt- 
age drops of diodes D, and Dp. 


The source impedance of the output (Voyr) will depend on 
the output current, but for V+ = 5V and an output current of 
10mA it will be approximately 602 


FIGURE 18. GETTING -15V FROM +5V 


9 Vout = - (NV - Vepx) 


> Vout = (2V+) - (Vep1) - (Vepa) 


FIGURE 19. COMBINED NEGATIVE CONVERTER AND POSITIVE MULTIPLIER 
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Divide and Conquer 


The ICL7660 can be used to split a supply in half, as shown 
in Figure 20. 


.? 1MQ OPTIONAL 
| Hout 


fad 
V+ 
Vout = > 


FIGURE 20. EFFICIENT SUPPLY SPLITTING 


Here the “basic” output connection and the “basic” negative sup- 
ply input are exchanged and the output voltage thus becomes 
the midpoint. Start-up can be a problem, and although careful 
capacitance and load balancing may frequently be adequate, a 
simple resistor to LV will always work. The circuit is useful for 
series-fed line systems, where a heavy local load at low voltage 
can be converted to a lighter current, at high voltage. Other use- 
ful applications are in driving low voltage (e.g. +7.5V) circuits 
from 15V supplies , or low voitage logic from 9V or 12V batter- 
ies. The output impedance is extremely low; all parts of the cir- 
Cuit cooperate in sharing the current, and so act in parallel. 
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FIGURE 21. +15V TO -15V IN THREE EASY STAGES 


For other division ratios, the series configurations of Figure 
16 can be driven backwards, to generate V\,\/n, or even m/ 
n(Vin), for small values of m and n. Again, care must be 
taken to ensure start up for each device. 


One interesting combination of several preceding circuits is 
shown in Figure 21, where a +15V supply is converted, via 
+7.5V and - 7.5V, to -1 5V using three ICL7660s. The output 
impedance of this circuit is about 250Q 


For cases where the output impedance of an ICL7660 circuit 
is too high, obviously some form of output regulation can be 
used. However in most cases adequate regulation can be 
achieved at high efficiency by pre-regulating the input. A 
Suitable circuit is shown in Figure 22, using the ICL7611 low 
power CMOS op amp. Because of the large source-current 
capability of this op amp, even on its lowest bias current set- 
ting, very efficient operation is possible. An ICL8069 band- 
gap device is used as the reference generator for the 
regulator. The output impedance can be reduced to 4Q, 
while maintaining a current capability of well over 10mA. In 
designing circuits of this type, it is important to remember 
that there is a switching delay averaging one oscillator cycle 
between the output of the op amp and the actual output volt- 
age. This can have substantial repercussions on the tran- 
sient response if the time-constants in the circuit are not 


Vin +7V TO 8V 


100kQ 
whee ake LY | 8 
21 ictze60 [ZI 
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FIGURE 22. REGULATED OUTPUT INVERTER 
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adequate. If multiple voltage converters are used, synchroni- 
zation schemes such as those of Figures 14 and 15 are 
probably advisable. 


Messing About 


The applications shown so far have corresponded to the use 
of the ICL7660 as a sort of equivalent of single turns on a 
power transformer, with paralleled turns to get more current, 
series turns for more voltage, etc. However, there are some 
other possibilities. By looking again at the block diagram 
(Figure 2), it is evident that the device could be used as a 
50% duty cycle high power clock driver, using either the 
internal oscillator or an external signal, as in Figure 23. An 
antiphase clock can also be derived from the circuit, as 
shown, but the pull-up on this output, being an N-channel 
switch only, does not have as good a voltage swing. It is 
adequate for TIC level operation, but for CMOS clocking 
may require an external pull-up resistor or transistor. 


FIGURE 23. HIGH POWER CLOCK DRIVE 


Another interesting class of applications comes from the 
capability to synchronously detect the output of an AC driven 
transducer, as shown in Figure 24. (This could be viewed as 
a signal transformer application.) Although the circuit shown 
utilizes a linear transformer type of transducer, any similar 
device may be used. The output voltage, which is correctly 
phased and of either polarity, may be fed into an A/D 
converter for display or microprocessor interface as desired. 


a” 


FIGURE 24. TRANSDUCER DRIVER AND DETECTOR 
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Harris Intelligent Power 


APPLICATION OF THE CA3020 AND CA3020A MULTIPURPOSE 
WIDE-BAND POWER AMPLIFIERS 


Authors: W.M. Austin and H.M. Kleinman 


The discussions in this Note are applicable to both inte- 
grated circuit types. The CA3020A can operate in all circuits 
shown for the CA3020. The CA3020, on the other hand, has 
a lower voltage rating and must not be used in applications 
which require voltages on the output transistors greater than 
18V. The integrated circuit protects the output transistor by 
limiting the drive to the output stages. The drive limited cur- 
rent capability of the CA3020 is less than that of the 
CA3020A, but peak currents in excess of 150mA are an 
assured characteristic of the CA3020. 


The CA3020 and CA3020A integrated circuits are multipur- 
pose, multifunction power amplifiers designed for use as 
power output amplifiers and driver stages in portable and 
fixed communications equipment and in AC servo control 
systems. The flexibility of these circuits and the high fre- 
quency capabilities of the circuit components make these 
types suitable for a wide variety of applications such as 
broadband amplifiers, video amplifiers, and video line driv- 
ers. Voltage gains of 60dB or more are available with a 3dB 
bandwidth of 8MHz. 


The discussions in this Note are applicable to both inte- 
grated circuit types. The CA3020A can operate in all circuits 
shown for the CA3020. The CA3020, on the other hand, has 
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FIGURE 1. SCHEMATIC DIAGRAM OF CA3020 AND CA3020A 
INTEGRATED CIRCUIT AMPLIFIERS 
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more limited voltage and current handling capability and 
must not be used in applications which require voltage 
swings on the output transistors greater than 18V or peak 
currents in excess of 150mA. 


The CA3020 and CA3020A are designed to operate from a 
single supply voltage which may be as low as +3V. The maxi- 
mum supply voltage is dictated by the type of circuit operation. 
For transformer loaded class B amplifier service, the maximum 
supply voltages are +9V and +12V for the CA3020 and the 
CA3020A, respectively. When operated as a class B amplifier, 
either circuit can deliver a typical output of 150mW from a +3V 
supply or 400mW from a +6V supply. At +9V, the idling dissipa- 
tion can be as low as 190mW, and either circuit can deliver an 
output of 550mW. An output of slightly more than 1W is avail- 
able from the CA3020A when a +12V supply is used. 


Circuit Description and Operation 


Figure 1 shows the schematic diagram of the CA3020 and 
CA3020A, and indicates the five functional block into which 
the circuit can be divided for understanding of its operation. 
Figure 2 shows the relationship of these blocks in block dia- 
gram form. 


AC INPUT TO 
TERMINAL NO. 10 


BUFFER 
AMP 


DIFF DRIVER POWER 
OUTPUT 
AMP 
ALTERNATE AC INPUT 


TO TERMINAL NO. 3 


FIGURE 2. FUNCTIONAL BLOCK DIAGRAM OF THE CA3020 AND 


CA3020A 
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A key to the operation of the circuit is the voltage regulator 
consisting of diodes D,, D2, and Dg and resistors Ry and 
R,,. The three diodes are designed to provide accurately 
controlled voltages to the differential amplifier so that the 
proper idling current for class B operation is established in 
the output stage. The characteristics of these monolithic 
diodes closely match those of the driver and output stages 
so that proper bias voltages are applied over the entire mili- 
tary temperature range of -55°C to +125°C. The close ther- 
mal coupling of the circuit assures against thermal runaway 
within the prescribed temperature and dissipation ratings of 
the devices. 


The differential amplifier operates in a class A mode to sup- 
ply the power gain and phase inversion required for the 
push-pull class B driver and output stages. In normal opera- 
tion, an AC signal is capacitively coupled to terminal 3, and 
terminal 2 is AC grounded through a suitable capacitor. 
When the signal becomes positive, transistor Q. is turned on 
and its collector voltage changes in a negative direction. The 
same current flows out of the emitter of Q, and tends to flow 
to ground through resistor Ro. However, the impedance of 
R» is high compared to the input impedance of the emitter of 
Qg, and an alternate path is available to ground through the 
emitter-to-base junction of transistor Q3 and then through 
the bypass capacitor from terminal 2 to ground. Because this 
path has a much lower impedance than Ro, most of the cur- 
rent takes this alternate route. The signal current flowing into 
the emitter of Q3 reduces the magnitude of that current and, 
because the collector current is nearly equal to the emitter 
current, the collector current in Q3 drops and the collector 
voltage rises. Thus, a positive signal on terminal 3 causes a 
negative AC voltage on the collector of transistor Q. and a 
positive AC voltage on transistor Q3, and provides the out- 
of-phase signals required to drive the succeeding stages. It 
should be noted that the differential amplifier is not bal- 
anced; resistor Rg is ten percent greater than R,. This unbal- 
ance is deliberately introduced to compensate for the fact 
that all of the current in the emitter of Q. does not flow into 
Q3. Use of a larger load resistor for transistor Q3 compen- 
sates for the lower current so that the voltage swings on the 
two collectors have nearly the same magnitude. 


The driver stages (transistors Q, and Qs) are emitter fol- 
lower amplifiers which shift the voltage level between the 
collectors of the differential-amplifier transistors and the 
bases of the output transistors and provide the drive current 
required by the output transistors. 


The power transistors (Qg and Q;) are large, high current 
devices capable of delivering peak currents greater than 
0.25A. The emitters are made available to facilitate various 
modes of operation or to permit the inclusion of emitter resis- 
tors for more complete stabilization of the idling current of 
the amplifier. Inclusion of such resistors also reduces distor- 
tion by introducing negative feedback, but reduces the 
power-output capability by limiting the available drive. 


Inclusion of emitter resistors between terminals 5 and 6 and 
ground also enhances the effectiveness of the internal DC 
feedback supplied to the bases of transistors Q, and Q, 
through resistors Rs and R7. Any increase in the idling cur- 
rent in either output transistor is reflected as an increased 


voltage at its base. This change is coupled to the input 
through the appropriate resistor to correct for the increased 
current. 


A later section of this Note describes how stable class A 
operation of the output stages may be obtained. 


Operating Characteristics 
Supply Voltages and Derating 


The CA3020 operates with any supply voltage between +3V 
and +9V. The CA3020A can also be operated with supply 
voltages up to +12V with inductive loads or +25V with resis- 
tive loads. Figure 3 shows the permissible dissipation rating 
of the CA3020 and CA3020A as a function of case and 
ambient temperatures. At supply voltages from +6V to +12V, 
a heat sink may be required for maximum power output 
capability. The worst case dissipation Pp yax as a function of 
power output can be calculated as follows: 


Pp max = (Voces Io + Voce lec2) + (Vec2”/Rec) 


where Voc; and Vccp are the supply voltages to the differen- 
tial amplifier and output amplifier stages, respectively; loc; 
and Icce are the corresponding idling currents; and Rog is 
the collector-to-collector load resistance of the output trans- 
former. This equation is preferred to the conventional for- 
mula for the dissipation of a class B output transistor (i.e., 
0.84 times the maximum power output) because the Pp wax 
equation accounts for the device standby power and device 
variability. 


AMBIENT TEMPERATURE 


| \ case TEMPERATURE sae 
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FIGURE 3. DISSIPATION RATING OF THE CA3020 AND 
CA3020A AS A FUNCTION OF CASE AND AMBE- 
ENT TEMPERATURES 


Basic Class B Amplifier 


Figure 4 shows a typical audio amplifier circuit in which the 
CA3020 or CA3020A can provide a power output of 0.5W or 
1W, respectively. Table 1 shows performance data for both 
types in this amplifier. The circuit can be used at all voltage 
and power output levels applicable to the CA3020 and 
CA3020A. 
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5SyF = 
3V 
NOTES: 
1. Better coil and transformer DF 108A, Thordarson TR-192, or 
equivalent. 


2. See text and tables. 


FIGURE 4. BASIC CLASS B AUDIO AMPLIFIER CIRCUIT 
USING THE CA3020 OR CA3020A. 


TABLE 1. TYPICAL PERFORMANCE OF CA3020 AND 
CA3020A IN CIRCUIT OF FIGURE 4 (NOTE) 


[GHARAGTERSTIC | Gaaaz0 [6aa020a] UNITS 


Power Supply 


Vec1 


Zero-Signal Idling Current 


lect 


Maximum Signal Current 


loot 


% Total Harmonic Distortion at 
150mW 


Idling Current Adjust Resistor 
(R41) 


NOTE: Integrated circuit mounted on a beat sink, Wakefield 209 
Alum. or equivalent. 


The emitter-follower stage at the input of the amplifier in Fig- 
ure 4 is used as a buffer amplifier to provide a high input 
impedance. Although many variations of biasing may be 
applied to this stage, the method shown is efficient and eco- 
nomical. The output of the buffer stage is applied to terminal 
3 of the differential amplifier for proper balance of the push- 
pull drive to the output stages. Terminals 2 and 3 must be 
bypassed for approximately 1000Q at the desired low-fre- 
quency roll-off point. 


At low power levels, the crossover distortion of the class B 
amplifier can be high if the idling current is low. For low cross- 
over distortion, the idling current should be approximately 
12mA to 24mA, depending on the efficiency, idling dissipation, 
and distortion requirements of the particular application. The 
idling current may be increased by connection of a jumper 
between terminals 8 and 9. If higher levels of operating idling 
current are desired, a resistor (R;,) may be used to increase 
the regulated voltage at terminal 11 by a slight amount with 
additional current injection from the power supply Voc}. 


In some applications, it may be desirable to use the input tran- 
sistor Q, of the CA3020 or CA3020A for other purposes than 
the basic buffer amplifier shown in Figure 4. In such cases, 
the input AC signal can be applied directly to terminal 3. 


The extended frequency range of the CA3020 and CA3020A 
requires that a high-frequency AC bypass capacitor be used 
at the input terminal 3. Otherwise, oscillation could occur at 
the stray resonant frequencies of the external components, 
particularly those of the transformers. Lead inductance may 
be sufficient to cause oscillation if long power-supply leads 
are not properly AC bypassed at the CA3020 or CA3020A 
common ground point. Even the bypassing shown may be 
insufficient unless good high-frequency construction prac- 
tices are followed. 


Figure 5 shows typical power output of the CA3020A at sup- 
ply voltages of +3V, +6V, +9V, and +12V, and of the CA3020 
at +6V and +9V, as measured in the basic class B amplifier 
circuit of Figure 4. The CA3020A has higher power output 
for all voltage supply conditions because of its higher peak 
output current capability. 


POWER OUTPUT (mW) 


COLLECTOR-TO-COLLECTOR LOAD RESISTANCE (Q) 


FIGURE 5. POWER OUTPUT OF THE CA3020 AND CA3020A 
AS A FUNCTION OF COLLECTOR-TO-COLLEC- 
TOR LOAD RESISTANCE Rec 
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TABLE FOR FIGURE 5 CURVES 


Figure 6 shows total harmonic distortion (THD) as a function 
of power output for each of the voltage conditions shown in 
Figure 5. The values of the collector-to-collector load resis- 
tance (Roc) and the idling-current adjust resistor (R;;) 
shown in the figure are given merely as a fixed reference; 
they are not necessarily optimum values. Higher idling-cur- 
rent drain may be desired for low crossover distortion, or a 
higher value of Roc may be used for better sensitivity with 
less power-output capability. Because the maximum power 
output occurs at the same conditions of peak-current limita- 
tions, the sensitivities at maximum power output for the 
curves of Figures 5 and 6 are approximately the same. 
Increasing the idling current drain by reducing the value of 
the resistor R,, also improves the sensitivity. 
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FIGURE 6. TOTAL HARMONIC DISTORTION OF THE CA3020 
OR CA3020A AS A FUNCTION OF POWER OUTPUT 
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TABLE FOR FIGURE 6 CURVES 


Figure 7 illustrates the improvement in crossover distortion 
at low power levels. Distortion at 100mW is shown as a func- 
tion of idling current Icco (output stages only). There is a 
small improvement in total harmonic distortion for a large 
increase in idling current as the current level exceeds 15mA. 


Voc: = SV, Voce = 6V, Ry = 1002 
Ry = VARIABLE, T, = +25°C 


TOTAL HARMONIC DISTORTION 
AT THE 100mW LEVEL (%) 
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FIGURE 7. TOTAL HARMONIC DISTORTION AS A FUNCTION 
OF Iccg IDLING CURRENT FOR A SUPPLY VOLT- 
AGE OF 6V AND AN OUTPUT OF 100mW 


Applications 
Audio Amplifiers 


The circuit shown in Figure 4 may be used as a highly effi- 
cient class B audio power output circuit in such applications 
as communications systems, AM or FM radios, tape record- 
ers, intercoms, and linear mixers. Figure 8 shows a modifi- 
cation of this circuit which may be used as a transformeriess 
audio amplifier in any of these applications or in other porta- 
ble instruments. The features of this circuit are a power out- 
put capability of 310mW for an input of 45mV, and a high 
input impedance of 50,000Q The idling-current drain of the 
circuit is 24mA. The curves of Figure 5 may be used to 
determine the value of the center-tapped resistive load 
required for a specified power output level (the indicated 
load resistance is divided by two). 
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FIGURE 8. 310mW AUDIO AMPLIFIER WITHOUT TRANS- 
FORMERS 


The CA3020 or CA3020A provides several advantages 
when used as a sound output stage or as a preamplifier 
driver in communications equipment because each type is a 
compact and low power drain circuit. The squelching 
requirement in such applications is simple and economical. 
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Figure 9 shows a practical method of providing squelch to 
the CA3020 or CA3020A. When the squelch switching tran- 
sistor Qs is in the “on” state, the CA3020 or CA3020A is “off” 
and draws only fractional idling dissipation. The only current 
that flows is that of the buffer-amplifier transistor Q, in the 
integrated circuit and the saturating current drain of Qs. For 
a Circuit similar to that of Figure 8, the squelched condition 
requires an idling current of approximately 7mMA, as com- 
pared to a normal idling-current drain of 24mA. 


FIGURE 9A. 


Qs COLLECTOR 
LOAD LINE Rip OR 
Rio + R44 OF CA3020 


Es > DIFF AMP TERMINAL 11 
OPERATING VOLTAGE 


FIGURE 9B. 


FIGURE 9. METHOD OF APPLYING SQUELCH TO THE CA3020 
OR CA3020A TO SAVE IDLING DISSIPATION 


In applications requiring high gain and impedance matching, 
the CA3020 or CA3020A can be adapted for use without 
complex circuit modifications. Detectors having low signal 
outputs or high impedances can be easily matched to the 
input of the CA3020 or CA3020A buffer amplifier. The typical 
integrated circuit input impedance of 55kQ may be too low 
for crystal output devices, but the sensitivity may be sacri- 
ficed to impedance match at the input while still providing 
adequate drive to the CA3020 or CA3020A. Both types may 
be used in tape recorders as high-gain amplifiers, bias oscil- 
lators, or record and playback amplifiers. The availability of 
two input terminals permits the use of the CA3020 or 
CA3020A as a linear mixer, and thus adds to its flexibility in 
systems that require adaptation to multiple functions, such 
aS Communications equipment and tape recorders. 


Figure 10 illustrates the use of the audio amplifier shown in 
Figure 4 in an intercom in which a listen/talk position switch 
controls two or more remote positions. Only the speakers, 
the switch, and the input transformer are added to the basic 
audio amplifier circuit. A suitable power supply for the 
intercom could be a 9V battery used intermittently rather 
than continuously. 
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bewecrrn - 
T1: Primary 4Q, Secondary 25,000Q; 
Stancor A4744 or equivalent. 
T2: Better coil and transformer DF1084, Thordarson TR-192, or 
equivalent 
Speakers: 42Q 


FIGURE 10. INTERCOM USING CA3020 OR CA3020A 
Wide-Band Amplifiers 


A major general-purpose application of the CA3020 and 
CA3020A is to provide high gain and wide-band amplifica- 
tion. The CA3020 and CA3020A have typically flat gain- 
bandwidth response to 8MHz. Although the circuits are nor- 
mally biased for class B operation, only the output stages 
operate in this mode. If proper DC bias conditions are 
applied, the output stages may be operated as linear class A 
amplifiers. 


Figure 11 shows the recommended method for achieving an 
economical and stable class A bias. The differential amplifier 
portion of the CA3020A is placed at a potential above 
ground equal to the base-emitter voltage Vp- of the inte- 
grated circuit transistors (0.5V to 0.7V). In this condition, the 
output stages have an emitter-current bias approximately 
equal to the base-to-emitter voltage divided by the emitter- 
to-ground resistance. The circuit in Figure 11 is a wide-band 
video amplifier that provides a gain of 38dB at each of the 
push-pull outputs, or 44dB in a balanced output connection. 
The 3dB bandwidth of the circuit is 30Hz to 8MHz. Higher 
gain-bandwidth performance can be achieved if the diode- 
to-ground voltage drop at terminal 12 is reduced. The lower 
voltage drop permits the use of a higher ratio of output-stage 
collector-to-emitter resistors without departure from the 
desired portion of the class A load line. It is important to note 
that the temperature coefficient of the terminal 12-to-ground 
reference element should be sufficiently low to prevent a 
large change in the current of the output stages. 
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FIGURE 11. WIDE-BAND VIDEO AMPLIFIER ILLUSTRATING 
ECONOMICAL AND STABLE CLASS A BIAS OF 
CA3020A 


The same method for achieving class A bias is used in the 
large signal swing output amplifier shown in Figure 12. 


FIGURE 12. LARGE SIGNAL SWING OUTPUT AMPLIFIER US- 
ING CA3020 OR CA3020A 


Either the CA3020 or the CA3020A may be used in this circuit 
with power supplies below +18V; the CA3020A can also be 
used with B+ voltages up to 25V with non-inductive loads. The 
circuit of Figure 12 provides a gain of 60dB and a bandwidth 
of 3.2MHz if the output transistor Q, has a bypassed emitter 
resistor. With an unbypassed output emitter resistor, the gain 
is 40dB and the bandwidth is 8MHz. The output stage can 
deliver a 5Vays signal when a supply of +18V is used. For 
better performance in this type of circuit, the input signal is 
coupled from the buffer amplifier Q, to the input terminal 3 of 
the differential amplifier. This arrangement provides higher 
gain because the collector resistor of the differential-amplifier 
transistor Qs is larger than that of Q. (This difference results 
from a requirement of differential drive balance that is not 
used in this circuit.) In addition, the terminals of the unused 


output transistor Q, help to form an isolating shield between 
the input at terminal 3 and the output at terminal 7. This cas- 
cade of amplifiers has a single phase inversion at the output 
for much better stability than could be achieved if terminal 4 
were used as the output and terminal 3 as the input. 


Figure 13 illustrates the use of the CA3020 or CA3020A as a 
class A linear amplifier. This circuit features a very low output 
impedance and may be used as a line driver amplifier for wide- 
band applications up to 8MHz. The circuit requires a 0.12V 
peak-to-peak input for a single ended output of 1V or a bal- 
anced peak-to-peak output of 2V from a 3Q output impedance 
at each emitter. The input impedance is specified as 7800Q, 
but is primarily a function of the external 10,000Q resistor that 
provides bias to Q, from the regulating terminal 11. 


NON-INVERTED 
OUTPUT 
INVERTED 


FIGURE 13. CLASS A LINEAR AMPLIFIER USING CA3020 OR 
CA3020A 


Figure 14 illustrates the practical use of the CA3020 or 
CA3020A as a tuned amplifier. This circuit uses DC biasing 
similar to that shown previously, and has a gain of 70dB at a 
frequency of 160kHz. The CA3020 or CA3020A can be used 
as a tuned RF amplifier or oscillator at frequencies well 
beyond the 8MHz bandwidth of the basic circuit. 


+9V 
25mA 
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> OUTPUT 
70dB GAIN 
AT 160kHz 


FIGURE 14. 160KHz TUNED AMPLIFIER USING THE CA3020 OR 
CA3020A 
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Driver Amplifiers 


The high power-pin and power-output capabilities of the 
CA3020 and CA3020A make these integrated circuits highly 
suitable for use as drivers for higher power stages. In most 
applications, the full power output capability of the circuit is 
not required, and large emitter resistors may be used in the 
output stage to reduce distortion. The CA3020 and 
CA3020A can drive any transformer coupled load within 
their respective ratings. Several examples of typical applica- 
tions are given below. 


Figure 15 illustrates the use of the CA3020 or CA3020A to 
drive a germanium power output transistor to a 2.5W level. 
Because the integrated circuit is required to deliver a maxi- 
mum power output of less than 50mW, an unbypassed emitter 
resistor can be used in the output stage to reduce distortion. 
Sensitivity for an output of 2.5W is 3mV; this figure can be 
improved at a slight increase in distortion by reduction of the 
4.7Q resistors between terminals 5 and 6 and ground. 


Because so little of the power output capability of the 
CA3020 or CA3020A is used, higher power class B stages 
can easily he accommodated by selection of suitable output 
transistors and appropriate transformers. 


Figure 16 shows a medium power class B audio amplifier in 
which the CA3020 or CA3020A is used as a driver. The out- 
put stage uses a pair of TO-3-type germanium output tran- 
sistors which must be mounted on a heat sink for reliable 
operation. Idling current for the entire system is 70mA from 
the 35V supply. Sensitivity is 10mV for an output of 10W. 


Motor Controller and Servo Amplifier 


The CA3020 or CA3020A may he used as a 40Hz to 400Hz 
motor controller and servo amplifier, as shown in Figure 17. 


+12V 
A 
470K 1.5 
INPUT gv (9) 
- + 9) (4) Ty 
a5 | case20 | E 
CA3020A 
gal He" 2N2869/2N301 
o O Le 
le: Le 
0.01 
4.7K qT on = Ta 
= => ort bi 1.5K 270 lé oC 40 SPEAKER 
=— => Sy 
3V T = 
= $10 


T1: primary impedance, 10,000Q; center-tapped at 160Q; primary direct current, 2mA; Thordarson TR-207 (entire secondary), or equivalent. 
T2: primary impedance, 20Q;primary direct current, 0.6A; secondary, 4Qs; Thordarson TR-304, Stancor TP62, or equivalent. 


FIGURE 15. 2.5W CLASS A AUDIO AMPLIFIER USING THE CA3020 OR CA3020A AS A DRIVER AMPLIFIER 
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T1: primary impedance, 4,000Q; center-tapped; secondary impedance, 600Q; center-tapped, split; Thordarson TR-454 or equivalent. 


FIGURE 16. 10W SINGLE-ENDED CLASS B AUDIO AMPLIFIER USING THE CA3020 OR CA3020A AS A DRIVER AMPLIFIER 


17mA IDLING 20mA IDLING 
SHraGe? eae FULL SIGNAL *®Voc AT ea FULL SIGNAL 


120Vaus 
0.245A, 20W 
AT 40Hz-400Hz 
| TO 5002 
STANCOR 
P-8358 


~w 0.18Vp.p AT 
40Hz TO 400Hz 


FIGURE 17. MOTOR CONTROLLER AND SERVO AMPLIFIERR USING CA3020 OR CA3020A 
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SOME APPLICATIONS OF A PROGRAMMABLE 
POWER SWITCH/AMPLIFIER 


L.R. Campbell and H.A. Wittlinger 
Circuit Description 


Authors: 


The CA3094 unique monolithic programmable power switch/ 
amplifier IC consists of a high-gain preamplifier driving a 


power-output amplifier stage. It can deliver average power of 3 
watts of peak power of 10W to an external load, and can be 
operated from either a single or dual power supply. This Note 
briefly describes the characteristics of the CA3094, and illus- 


trates its use in the following circuit applications: 


Class A Instrumentations and Power Amplifiers 


Class A Driver-Amplifier for Complementary Power Tran- 


sistors 

Wide Frequency Range Power Multivibrators 
Current- or Voltage Controlled Oscillators 
Comparators (Threshold Detectors) 
Voltage Regulators 

Analog Timers (Long Time Delays) 
Alarm Systems 

Motor-Speed Controllers 

Thyristor Firing Circuits 

Battery Charger Regulator Circuit 
Ground Fault Interrupter Circuits 


EXTERNAL FREQUENCY 
COMPENSATION OR INHIBIT INPUT 


AMPLIFIER 
BIAS INPUT (5 } 


laBc 


The CA3094 series of devices offers a unique combination 
of circuit flexibility and power-handling capability. Although 
these monolithic ICs dissipate only a few microwatts when 
quiescent, they have a high current-output capability (100mA 
average, 300mA peak) in the active state, and the premium- 
grade devices can operate at supply voltages up to 44V. 


Figure 1 shows a scematic diagram of the CA3094. The por- 
tion of the circuit preceding transistors Q12 and Q13 is the 
preamplifier section and is generically similar to that of the 
CA3080 Operational Transconductance Amplifier (OTA) "1.21. 
The CA3094 circuits can be gain-programmed by either digi- 
tal and/or analog signals applied to a separate Amplifier- 
Bias-Current (lagc) terminal (No. 5 in Figure 1) to control cir- 
cuit sensitivity. Response of the amplifier is essentially liner 
as a function of the current at terminal 5. This additional sig- 
nal input “port” provides added flexibility in may applications. 
Thus, the output of the amplifier is a function of input signals 
applied differentially at terminals 2 and 3 and/or in a singly- 
ended configuration at terminal 5. The output portion of the 
monolithic circuit in the CA3094 consists of a Darling con- 
nected transistor pair with access provided to both the col- 
lector and emitter terminals to provide capability to “sink” 
and/or “source” current. 


) @)“ 
OUTPUT | OUTPUT 
MODE | TERM 


“Source” | 6 | 2 | 3 __ 6 » 
- 
S 5 
az 
a. 
< 


“SOURCE” 
(DRIVE) 


FIGURE 1. CA3094 CIRCUIT SCHEMATIC DIAGRAM 


Copyright © Harris Corporation 1994 
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The CA3094 series of circuits consists of six types that differ 
only in voltage-handling capability and package options, as 
shown below; other electrical characteristics ar identical. 


PACKAGE OPTIONS 
CA3094S, CA3094T 


CA3094AS, CA3094AT 
CA3094BS, CA3094BT 


The suffix “S” indicates circuits packaged in TO-5 enclosures 
with leads formed to an 8 lead dual in line configuration (0.1 
inch pin spacing). The suffix “T” indicates circuits packaged 
in 8 lead TO-5 enclosures with straight leads. The generic 
CA3094 type designation is used throughout the Note. 


Class A Instrumentation Amplifiers 


One of the more difficult instrumentation problems frequently 
encountered is the conversion of a differential input signal to 
a single-ended output signal. Although this conversion can 
be accomplished in a straightforward design through the use 
of classical op-amps, the stringent matching requirements of 
resistor ratios in feedback networks make the conversion 
particularly difficult from a practical standpoint. Because the 
gain of the preamplifier section in the CA3094 can be 
defined as the product of the transconductance and the load 
resistance (g,, R,), feedback is not needed to obtain predict- 
able open-loop gain performance. Figure 2 shows the 
CA3094 in this basic type of circuit. 


DIFFERENTIAL 
THERMOCOUPLE 


NOTES: 


1. Preamp gain (Ay) = Gm Ri, = (5) (10°) (36) (10%) = 180 
(Output at terminal 1). 

2. For linear operation: Differential Input <i +26mvV | 
(With approx. 1% deviation from linearity). 


3. Output voltage (Eo) = Ay (+@pie¢) = (180) (t26mV) = +4.7V 


4.7V _ (oR) (ence) 


50Q lo = Re 


FIGURE 2. OPEN LOOP INSTRUMENTATION AMPLIFIER 
WITH DIFFERENTIAL INPUT AND SINGLE ENDED 
OUTPUT 


The gain of the preamplifier section (to terminal No. 1) is g,, 
R, = (5 x 10°) (36 x 10%) = 180. The transconductande g,,, is 
a function of the current into terminal No. 5, lagc, the ampli- 
fier-bias-current. In this circuit an l~agc Of 260A results in ag, 
of 5mS. The operating point of the output stage is controlled 
by the 2kQ potentiometer. With no differential input signal 
(@pi¢¢ = 0), this potentiometer is adjusted to obtain a quies- 
cent output current Io of 12mA. This output current is estab- 
lished by the 560Q emitter resistor, Re, as follows: 


_ (9mFL) (epee) 
O Re 
Under the conditions described, an input swing @p)r¢ of t26mV 
produces a variation in the output current Io of t8.35mA. The 
nominal quiescent output voltage is 12mA times 560Q or 6.7V. 
This output level drifts approximately -4mV, or -0.0595%, for 
each °C change in temperature. Output drift is caused by tem- 
perature induced variations in the base emitter voltage of the 
two output transistors, Q12 and Q13. 

8.4V 


TRANSDUCER 
BRIDGE 
ax 


OUTPUT 1V FULL SCALE 


NOTE: 
1. Set to optimize CMRR. 


FIGURE 3. SINGLE SUPPLY DIFFERENTIAL BRIDGE AMPLIFIER 


+412V 


CURRENT 


9100 
+1% 


FIGURE 4. SINGLE SUPPLY AMPLIFIER FOR THERMO- 
COUPLE SIGNALS 
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Figure 3 shows the CA3094 used in conjunction with a resis- 
tive-bridge input network; and Figure 4 shows a single-sup- 
ply amplifier for thermocouple signals. The RC networks 
connected between terminals 1 and 4 in Figure 3 and Figure 
4 provide compensation to assure stable operation. 


The components of the RC network are chosen so that 
1 
2xRC 


= 2MHz 


Class A Power Amplifiers 


The CA3094 is attractive for power-amplifier service 
because the output transistor can control current up to 
100mA (300mA peak), the premium devices. 


CA3094B can operate at supply voltages up to 44V, and the 
TO-5 package can dissipate power up to 1.6W when 
equipped with a suitable heat sink that limits the case tem- 
perature to 55°C. 


Figure 5 shows a Class A amplifier circuit using the CA3094A 

that is capable of delivering 280mW to a 3500 resistive load. 

This circuit has a voltage gain of 60db and a 3db band width 

of about 50kHz. Operation is stable without the use of a 

phase-compensation network. Potentiometer R is used to 

establish the quiescent operating point for class A operation. 
a 


10kQ 
15V O—V~W— 415V p +15V 


FIGURE 5. CLASS A AMPLIFIER -280mW CAPABILITY INTOA 
RESISTIVE LOAD 


The circuit of Figure 6 illustrates the use of the CA3094 in a 
class a power-amplifier circuit driving a transformer-coupled 
load. With dual power supplies of +7.5V and -7.5V, a base 
resistor Rg of 30kQ, and an emitter resistor Re of 50Q, 
CA3094 dissipation is typically 625mW. With supplies of 
+10V and -10V, Rep of 40kQ, and R_ of 45Q, the dissipation is 
1.5W. Total harmonic distortion is 0.4% at a power output 
level of 220mW with a reflected load resistance Rp of 310Q, 
and is 1.4% for an output of 60OmW with an Rp of 128Q The 
setting of potentiometer R establishes the quiescent operat- 
ing point for class A operation. The 1kQ resistor connected 
between terminals 6 and 2 provides DC feedback to stabilize 
the collector current of the output transistor. The AC gain is 
established bye the ratio of the 1MQ resistor connected 


between terminals 8 and 3 the 1kQ resistor connected to ter- 
minal 3. Phase compensation is provided by the 680pF 
capacitor connected to terminal 1. 


10kQ 


GEN. RADIO 
TYPE 1840-A 
OUTPUT POWER 
METER OR 
EQUIVALENT 


FIGURE 6. CLASS A AMPLIFIER WITH TRANSFORMER 
COUPLED LOAD 


Class A Driver Amplifier for 
Complementary Power Transistors 


The CA3094 configuration and characteristics are ideal for 
driving complementary power-output transistors;!5) a typical 
Circuit is shown in Figure 7. This circuit can provide 12W of 
audio power output into an 8Q load with intermodulation dis- 
tortion (IMD) of 0.2% when 60Hz and 2kHz signals are 
mixed in a 4:1 ratio. Intermodulation distortion is shown as a 
function of power output in Figure 8. 


The large amount of loop gain and the flexibility of feedback 
arrangements with the CA3094 make it possible to incorpo- 
rate the tone controls into a feedback network that is closed 
around the entire amplifier system. The tone controls in the 
circuit of Figure 7 are part of the feedback network con- 
nected from the amplifier output (junction of the 330Q and 
47Q resistors driven by the emitters of Q2 and Q3) to termi- 
nal 3 of the CA3094. Figure 9 shows voltage gain as a func- 
tion of frequency with tone controls adjusted for “flat” 
response and for responses at the extremes of tone-control 
rotation. The use of tone controls incorporated in the feed- 
back network results in excellent signal to noise ratio. Hum 
and noise are typically 700n.V (83db down) at the output. 


11-31 


APPLICATION 


Application 


In addition to the savings resulting from reduced parts count 
circuit size, the use of the CA3094 leads to further savings in 
the power supply system. Typical values of power supply 
rejection and common mode rejection are 9Odb and 100db, 
respectively. An amplifier with 40db gain and 90db power sup- 
ply rejection would require a 31mV power-supply ripple to pro- 
duce imV of hum at the output. Therefore, no filtering is 
required other than that provided by the energy storage capac- 
itors at the output of the rectifier system shown in Figure 7. 


For application in which the operating temperature range is 
limited (@€.g., consumer service the thermal compensation 
network (shaded area) can be replaced by a more economi- 
cal configuration consisting of a resistor diode combination 
(8.2Q and 1N5391) as shown in Figure 7. 


TREBLE 


(cw) 15k2 (ccw) (0-01uF 8200 


Note 6048 


Power Multivibrators (Astable and 
Monostable) 


the CA3094 is suitable for use in power multivibrators 
because its high current output transistor can drive low 
impedance circuits while the input circuitry and the fre- 
quency determining elements are operating at micropower 
levels. A typical example of an astable multivibrator using 
the CA9034 with a dual power supply is shown in Figure 10. 
The output frequency four is determined as follows: 
1 


f = 
OUT — 2RCyy [ (2R1/R2) + 1] 


If R2 is equal to 3.08 R1, then foyy is simply the reciprocal of RC. 


0.12uF 
18000 
son . = 
0.001 ,.F 5600Q 
=  0.001ynF STANCOR 
5uF NO. P-8609 
OR EQUIVALENT 
i? (120VAC TO 
sales 26.8VCT AT 1A) 
INPUT ~ 7) 
VOLUME 
“1 Ry (2) + 
7 _L CA3094B 
SY) ; THERMAL 
COMPENSATION 
(4) NETWORK+ 
(5) 10 
680 
kQ 
+ OPTIONAL THERMAL 
COMPENSATION 
0.2uF = | NETWORK 
25uF ska ial 8.20 
| . “SRCST OMe pt 10kQ 1N5391 
— es JUMPER 
TYPICAL PERFORMANCE DATA FOR 12W AUDIO AMPLIFIER CIRCUIT 
Power Output (8Q load, Tone Control set at “Flat”) WO (Sa wes ee ene wan cedaene Oneness eee red ene 40dB 
Music (at 5% THD, regulated supply)................... 15W Hum and Noise (below continuous power output)........... 83dB 
Continuous (at 0.2% IMD, 60Hz and 2kHz NNDUT FIGSIANGO 24 6 kan oe 65.58 605-62 008 dwhaawreone nes 250kQ 
mixed in a 4:1 ratio, unregulated supply) Tone Control Range ...............26. See Figure 9 in AN6048 
5e6 Figura 6 ni ANGOSG ... ccc cveccnnascaceen can ncaee 12W 
Total Harmonic Distortion 
At TW, U9WGOGUISIOR SUDDY «ose ckexces cans eouenws soe 0.05% 
At 12W, unregulated supply ............ 20. c cece eee 0.57% 


NOTES: 
1. For standard input Short C2; R,; = 250kQ, C, = 0.047puF; remove R2 


2. For ceramic cartridge input: C, = 0.0047pF, R, = 2.5MQ, remove jumper from C,; leave Ro. 
FIGURE 7. 12W AUDIO AMPLIFIER CIRCUIT FEATURING TRUE COMPLEMENTARY SYMMETRY OUTPUT STAGE WITH CA3094 


IN DRIVER STAGE 
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60Hz AND 12kHz 
60Hz AND 2kHz a 
60Hz AND 7kHz 


INTERMODULATION DISTORTION (%) 


POWER OUTPUT (W) 
FIGURE 8. INTERMODULATION DISTORTION vs POWER OUTPUT 


aime BASS BOOST = ve BOOST UL 
a a Soa Pere 


PT Tit tees es 
SHAS 
LL FT Ty LULL MQLUELL 
mr Lf [if] oremecur | || 
fab 


VOLTAGE GAIN (db) 


468 2 468 2 468 2 468 
10 100 1000 10K 100K 
FREQUENCY (Hz) 


FIGURE 9. VOLTAGE GAIN vs FREQUENCY 


9 +15V 


FIGURE 10. ASTABLE MULTIVIBRATOR USING DUAL SUPPLY 


Figure 11 is a single supply astable multivibrator circuit 
which illustrates the use of the CA3094 for flashing an incan- 
descent lamp. With the component values shown, this circuit 
produces one flash per second with a 25% “on” time while 
delivering output current in excess of 100mA. During the 
75% “off” time it idles with micropower consumption. The 
flashing rate can be maintained with in +2% of the nominal 
value over a battery voltage range from 6V to 15V and a 
temperature excursion from O°C to 70°C. The CA3094 


series of circuits can supply peak-power output in excess of 
10W when used in this type of circuit. The frequency of oscil- 
lation fosc is determined by the resistor rations, as follows: 

| 


‘osc ~ (oncin) [ (2R1/R2) +1) 


where: 


NOTES: 
1. 1 Flash/Sec. 
: 


‘osc ~ (aacin) [ (2R1/R2) +1) 


where: 
R,R 
AB 
Ri = 


2. 25% Duty Cycle 
3. Frequency Independent of V+ from 6V - 15V DC 
FIGURE 11. ASTABLE MULTIVIBRATOR USING SINGLE SUPPLY 


27kQ 


50kQ 


27kQ 


FIGURE 12. ASTABLE POWER MULTIVIBRATOR WITH PROVE 
SIONS FOR VARYING DUTY CYCLE 


Provisions can easily be made in the circuit of Figure 11 to 
vary the multivibrator pulse length while maintaining an 
essentially constant pulse repetition rate. The circuit shown 
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in Figure 12 incorporates a potentiometer Rp for varying the 
width of pulses generated by the astable multivibrator driving 
light emitting diode (LED). 

Figure 13 shows a Circuit incorporating independent controls 
(Roy and Ro rr) to establish the “on” and “off” periods of the 
current supplied to the LED. The network between points “A” 
and “B” is analogous in function to that of the 100kQ resistor R 
in Figure 12. 


47kQ 


FIGURE 13. ASTABLE POWER MULTIVIBRATOR WITH PROVE 
SIONS FOR INDEPENDENT CONTROL OF LED 
“ON-OFF” PERIODS 


The CA3094 is also suitable for use in monostable multivi- 
brators as shown in Figure 14. In essence, this circuit is a 
pulse counter in which the duration of the output pulses is 
independent of trigger pulse duration. The meter reading is a 
function of the pulse repetition rate which can be monitored 
with the speaker. 


1000 
SPEAKER 


ft Full Scale Deflection = 83P/s 


FIGURE 14. POWER MONOSTABLE MULTIVIBRATOR 


Current or Voltage Controlled Oscillators 


Because the transconductance of the CA9034 varies linearly 
as a function of the amplifier bias current (I,4ac) supplied to ter- 
minal 5, the design of a current or voltage controlled oscillator is 
straightforward, a shown in Figure 15. Figure 16 and Figure 17 


show oscillator frequency as a function of lage for a current 
controlied oscillator for two different values of capacitor C in 
Figure 15. The addition of an appropriate resistor (R) in series 
with terminal 5 in Figure 15 converts the circuit into a voltage 
controlled oscillator. Linearity with respect to either current or 
voltage control is within 1% over the middie half of the charac- 
teristics. However, variation in the symmetry of the output 
pulses was a function of frequency is an inherent characteristic 
of the circuit in Figure 15, and leads to distortion when this cir- 
cuit is used to drive the phase detector in phase-locked-loop 
applications. This type distortion can be eliminated by interpos- 
ing an appropriate flip-flop between the output of the oscillator 
and the phase locked discriminator circuits. 


0 +15V 
A7kQ 
OUTPUT 
ATKG ime JUL 


CURRENT INPUT 
OR 
VOLTAGE INPUT 


FIGURE 15. CURRENT OR VOLTAGE CONTROLLED OSCILLATOR 


SUPPLY VOLTAGE V+ = 15V 
500 | C = 1000pF TERMINAL NO. 3 TO GND IN FIGURE 15 
AMBIENT TEMPERATURE Tg = +25°C_ 4 


cy 
> 
= oes] SG) OS SU SP 
: 300 
w 200 
rs 
100 

TTA TTT 

ier | | 

0 100 200 300 400 500 600 

AMPLIFIER BIAS CURRENT (A) 


FIGURE 16. FREQUENCY AS A FUNCTION OF Iggc FOR 
C = 1000pF FOR CIRCUIT IN FIGURE 15 


SUPPLY VOLTAGE V+ = 15V 
500 | © = 1000pF TERMINAL NO. 3 TO GND IN FIGURE 15 
AMBIENT TEMPERATURE Ta = +25°C 


FREQUENCY (kHz) 
3 
tl 
ii 
Tine 
CEE 
EK 
i 
\ 
lk 
FE 
Kk 
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200 
AMPLIFIER BIAS CURRENT (A) 


300 400 500 600 


FIGURE 17. FREQUENCY AS A FUNCTION OF Ia5- FOR 
C = 100pF FOR CIRCUIT IN FIGURE 15 
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Comparators (Threshold Detectors) 


Comparator circuits are easily implemented with the 
CA43094, as shown by the circuits in Figure 18. The circuit of 
Figure 18A is arranged for dual supply operation; the input 
voltage exceeds the positive threshold, the output voltage 
swings essentially to the negative supply voltage rail (it is 
assumed that there is negligible resistive loading on the out- 
put terminal). an input voltage that exceeds the negative 
threshold value results in a positive voltage output essentially 
equal to the positive supply voltage. The circuit in Figure 18B, 
connected for single supply operation, functions similarly. 


BD 415V 
+ THRESHOLD = 


sure) 


OUTPUT 


R2 
100kQ 
FIGURE 18A. DUAL SUPPLY 


FIGURE 18B. SINGE SUPPLY 


FIGURE 18. COMPARATORS (THRESHOLD DETECTORS) 
DUAL AND SINGLE SUPPLY TYPES 


Figure 19 shows a dual limit threshold detector circuit in 
which the high level limit is established by potentiometer R1 
and the low level limit is set by potentiometer R2 to actuate 
the CA3080 low limit detector.! 2] A positive output signal 
exceeds either the high limit or the low limit values estab- 
lished by the appropriate potentiometer settings. This output 
voltage is approximately 12V with the circuit shown. 


The high current handling capability of the CA3094 makes it 
useful in Schmitt power trigger circuits such as that shown in 
Figure 20. In this circuit, a relay coil is switched whenever 
the input signal traverses a prescribed upper or lower trip 
point, as defined by the following expressions: 


Upper Trip Point = 30 —_—— 
R1i+R2+R3 


; R3 
Lower Trip Point = (30 — 0.026R1) ———— 
R2+R3 


The circuit is applicable, for example, to automatic ranging. 
With the values shown in Figure 20, the relay coil is energized 


when the input exceeds approximately 5.9V and remains ener- 
gized until the input signal drops below approximately 5.5V. 


3.9kQ ~ 
15kQ 5kQ 5kQ 
-15V 2 @ 
(3) 


- re 
@) 


+15V 


APPLICATION 
NOTES 


FIGURE 20. PRECISION SCHMITT POWER TRIGGER CIRCUIT 
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Power Supply Regulators 


The CA3094 is an ideal companion device to the CA3085 
series regulator circuits!‘] in dual voltage tracking regulators 
that handle currents up to 100mA. In the circuit of Figure 21, 
the magnitude of the regulated positive voltage provided by 
the CA3085A is adjusted voltage supplies the power for the 
CA3094A negative regulator and also supplies a reference 
voltage to its terminal 3 to provide tracking. This circuit pro- 
vides a maximum line regulation equal to 0.075% per volt of 
input voltage change and a maximum load regulation of 
0.075% of the output voltage. 


Figure 22 shows a regulated high voltage supply similar to 
the type used to supply power for Geiger-Mueller tubes. The 
CA3094, used as an oscillator, drives a step-up transformer 
which develops suitable high voltages for rectification in the 
IN4007 diode network. A sample of the regulated output volt- 
age is fed to the CA3080A operational transconductance 
amplifier through the 198MQ and 910kQ divider to control 
the pulse repetition rate of the CA3094. Adjustment of poten- 
tiometer R determines the magnitude of the regulated output 
voltage. Regulation of the desired output voltage is main- 
tained within 1% despite load current variations of 5yA to 
261A. The DC to DC conversion efficiency is about 48%. 


Timers 


The programmability feature inherent in the CA3094 (and 
operational transconductance amplifiers in general) simplifies 
the design of presettable timers such as the one shown in 
Figure 23. Long timing intervals (e.g. up to 4hrs) are achieved 
by discharging a timing capacitor C1 into the signal input 
terminal (e.g. No. 3) of the CA3094. This discharge current is 
controlled precisely by the magnitude of the amplifier bias 
current lagc programmed into terminal 5 through a resistor 
selected by switch S2. Operation of the circuit is initiated by 
charging capacitor C1 through the momentary closing of switch 
S1. Capacitor C1 starts discharging and continues discharging 
until voltage E71 is less than voltage E2. The differential input 
transistors in the CA3094 then change state, and terminal 2 
draws sufficient current to reverse the polarity of the output 


910kQ 


a MAX lout = +100mA 


be 


5.6Q 
(8) 
YEG R 
5kQ 
0.01pF 10kQ 


V+ INPUT 
(NOTE 1) 


» +15V 
REG OUTPUT 


, COMMON 
RETURN 


0.03 pF 


, -15V 
REG OUTPUT 
V- INPUT 
(NOTE 2) 


NOTES: 
1. V+ input range = 19V to 30V for 15V output 
2. V- input range = -16 to -30V for -15V output 
3. REGULATION: 


AVouT 


Ted) a -: | 
Your (INITIAL) AVin 


x 100 = 0.075%/V 


AVouT 


MAX LINE = ——————__—_—_— 
Vout (INITIAL) 


x 100 = 0.075% Vout 


(I, FROM 1mA to 50mA) 


FIGURE 21. DUAL VOLTAGE TRACKING REGULATOR 


(6) MINATURE = 
MICROPHONE 
INPUT TRANSFORMER 
6002 CT TO 50kQ 


FIGURE 22. REGULATED HIGH VOLTAGE SUPPLY 
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voltage (terminal 6). Thus, the CA3094 not only has provision 
for readily presetting the time delay, but also provides 
significant output current to drive control devices such as 
thyristors. Resistor RS5 limits the initial charging current for C1. 
Resistor R5 limits the initial charging current for C1. Resistor 
R7 establishes a minimum voltage of at least 1V at terminal 2 to 
insure operation within the common mode input range of the 
device. The diode limits the maximum differential input voltage to 
5V. Gross changes in time range selection are made with switch 
S2, and vernier trimming adjustments are made with 
potentiometer R6. 


R1 


TIME RANGE 
SECTOR 


40529 TURNS “OFF” AFTER 
alas EXPIRATION OF TIME DELAY 
TIME RESISTOR VALUE 


[~swin | Ar =00ma | _—~RS= 2.7K 


§.1kQ 


START 
SWITCH 


50kQ 


Seweewoew=s=a 


Sse esesVeesseFereeoesZFoews=seseea 


§.1kQ 


In some timer applications, such as that shown in Figure 24, 
a meter readout of the elapsed time is desirable. This circuit 
uses the CA3094 and CA3083 transistor array!®! to control 
the meter and a load switching triac. The timing cycle starts 
with the momentary closing of the start switch to charge 
capacitor C1 to an initial voltage determined by the 50kQ 
vernier timing adjustment. During the timing cycle the output 
of the CA3094, which is also the collector voltage of Q1, is 
“high”. The base drive for Q1 is supplied from the positive 
supply through a 91kQ resistor. The emitter of Q1, through 
the 75Q resistor, supplies gate-trigger current to the triac. 
Diode connected transistors Q4 and Q5 are connected so 
that transistor Q1 acts as a constant current source to drive 
the triac. As capacitor C1 discharges, the CA3094 output 
voltage at terminal 6 decreases until it becomes less than 
the Vcesar Of Q1. At this point the flow of drive current to the 
triac ceases and the timing cycle is ended. The 20kQ resis- 
tor between terminals 2 and 6 of the CA3094 is a feedback 
resistor. Diode connected transistor Q2 and Q3 and their 
associated networks serve to compensate for non-linearities 
in the discharge circuit network by bleeding corrective cur- 
rent into the 20kQ feedback resistor. Thus, current flow in 
the meter is essentially linear with respect to the timing 
period. The time periods as a function of R1 and indicated 
on the Time-Range Selection Switch in Figure 24. 


Alarm Circuit 


Figure 25 shows an alarm circuit utilizing two “senor” lines. 
In the “no-alarm” state, the potential at terminal 5 (lagc) is 
driven with sufficient current though resistor R5 to keep the 
output voltage “high”. If either “sensor” line is opened, 
shorted to ground, or shorted to the other sensor line, the 
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FIGURE 24. PRESETTABLE TIMER WITH LINEAR READOUT 
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output goes “low” and activates some type of alarm system. 
The back-to-back diodes connected between terminals 2 
and 3 protect the CA3094 input terminals against excessive 
differential voltages. 

o +12V 


Hd okga 
OUTPUT 
FOR 

1N914 O TRIGGERING 
ALARM 


FIGURE 25. ALARM SYSTEM 


Motor-Speed Controller System 


Figure 26 illustrates the use of the CA3094 in a motor-speed 
controller system. Circuity associated with rectifiers D1 and D2 
comprises a full wave rectifier which develops a train of half- 
sinusoid voltage pulse to power the dc motor. The motor speed 
depends on the peak value of the half-sinusoids and the period 
of time (during each half cycle) the SCR is conductive. 


The SCR conduction, in turn, is controlled by the time dura- 
tion of the positive signal supplied to the SCR by the phase 
comparator. The magnitude of the positive dc voltage sup- 
plied to terminal 3 of the phase comparator depends on 
motor-speed error as detected by a circuit such as that 
shown in Figure 27. This dc voltage is compared to that of a 
fixed amplitude ramp wave generated synchronously with 
the ac line voltage frequency. The comparator output at ter- 
minal 6 is “high” (to trigger the SCR into conduction) during 
the period when the ramp potential is less than that of the 
error voltage on terminal 3. The motor current conduction 
period is increased as the error voltage at terminal 3 is 
increased in the positive direction. Moter-speed accuracy of 
+1% is easily obtained with this system. 


Motor-Speed Error Detector 


Figure 27A shows a motor-speed error detector suitable for use 
with the circuit of Figure 26. A CA3080 operational transcon- 
ductance amplifier is used as a voltage comparator. The refer- 
ence for the comparator is established by setting the 
potentiometer R so that the voltage at terminal 3 is more posi- 
tive than that at terminal 2 when the motor speed is too low. An 
error voltage E1 is derived from a tachometer driven by the 
motor. When the motor speed is too low, the voltage at terminal 
2 of the voltage comparator is less positive than that at terminal 
3, and the output voltage at terminal 6 goes “high”. When the 
motor speed is too high, the opposite input conditions exist, and 
the output voltage at terminal 6 goes “low”. Figure 27B also 
shows these conditions graphically, with a linear transition 
region between the “high” and “low” output levels. This linear 
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transition region is known as “proportional bandwidth”. The 
slope of this region is determined by the proportional bandwidth 
control to establish the error correction response time. 


PROPORTIONAL 
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FIGURE 27A. VOLTAGE COMPARATOR 
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FIGURE 27B. 
FIGURE 27. MOTOR SPEED ERROR DETECTOR 


Synchronous Ramp Generator 


Figure 28 shows a schematic diagram and signal waveforms 
for a synchronous ramp generator suitable for use with the 
motor controller circuit of Figure 26. Terminal 3 is biased at 
approximately +2.7V (above the negative supply voltage). 
The input signal Ej, at terminal 2 is a sample of the half-sinu- 
soids (at line frequency) used to power the motor in Figure 26. 
A synchronous ramp signal is produced by using the CA3094 
to charge and discharge capacitor C1 in response to the syn- 
chronous toggling of Ej;y. The charging current for C1 is sup- 
plied by terminal 6. When terminal 2 swings more positive 


PTC TEMP. 
SENSOR 


than terminal 3, transistors Q12 and Q13 in the CA3094 (Fig- 
ure 1) lose their base drive and become non-conductive. 
Under these conditions, C1 discharges linearly through the 
external diode D3 and Q10, D6 path in the CA3094 to pro- 
duce the ramp wave. The Eour signal is supplied to the phase 


comparator in Figure 26. 
> +15V 
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_ _@~ AT TERMINAL NO. 3 


gee DISCHARGING (RAMP) 
al CHARGING 


Eout 
0 success neune Lestuaed as 
FIGURE 28B. 
FIGURE 28. SYNCHRONOUS RAMP GENERATOR WITH INPUT 
AND OUTPUT WAVEFORMS 


Thyristor Firing Circuits 
Temperature Controller 


In the temperature control system shown in Figure 29, the 
differential input of the CA3094 is connected across a bridge 
circuit comprised of a PTC (positive temperature coefficient) 
temperature sensor, two 75kQ resistors, and an arm contain- 
ing the temperature set control. When the temperature is 
“low”, the resistance of the PTC type sensor is also low; 
therefore, terminal 3 is more positive than terminal 2 and an 
output current from terminal 6 of the CA3094 drives the triac 
into conduction. When the temperature is “high”, the input 


HEATER 


NOTE: All Resistors are 1/2W. 


FIGURE 29. TEMPERATURE CONTROLLER 
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conditions are reversed and the triac is cut off. Feedback 
from terminal 8 provides hysteresis to the control point to 
prevent rapid cycling of the system. The 1.5kQ resistor 
between terminal 8 and the positive supply limits the triac 
gate current and develops the voltage for the hysteresis 
feedback. The excellent power supply rejection and common 
mode rejection ratios of the CA3094 permit accurate repeat- 
ability of control despite appreciable power supply ripple. 
The circuit of Figure 29 is equally suitable for use with NTC 
(negative temperature coefficient) sensors provided the 
positions of the sensor and the associated resistor R are 
interchanged in the circuit. The diodes connected back to 
back across the input terminals of the CA3094 protect the 
device against excessive differential input signals. 


Thyristor Control from AC Bridge Sensor 


Figure 30 shows a line operated thyristor firing circuit con- 
trolled by a CA3094 that operates from an AC Bridge sensor. 
This circuit is particularly suited to certain classes of sensors 
that cannot be operated from DC. The CA3094 is inoperative 
when the high side of the AC line is negative because there 
is NO lagc Supply to terminal 5. When the sensor bridge is 
unbalanced so that terminal 2 is more positive than terminal 
3, the output stage of the CA3094 is cut off when the AC line 
swing s positive, and the output level at terminal 8 of the 
CA3094 goes “high”. Current from the line flows through the 
IN3193 diode to charge the 100yuF reservoir capacitor, and 
also provides current to drive the triac into conduction. Dur- 
ing the succeeding negative swing of the AC line, there is 
sufficient remanent energy in the reservoir capacitor to 
maintain conduction in the triac. 


When the bridge is unbalanced in the opposite direction so that 
terminal 3 is more positive than terminal 2, the output of the 
CA3094 at terminal 8 is driven sufficiently “low’ to “sink” the cur- 
rent supplied through the 1N4003 diode so that the triac gate 
cannot be triggered. Resistor R1 supplies the hysteresis feed- 
back to prevent rapid cycling between turn on and turn off. 


Battery Charger Regulator Circuit 


The circuit for battery charger regulator circuit using the 
CA3094 is shown in Figure 31. This circuit accurately limits 
the peak output voltage to 14V, as established by the zener 
diode connected across terminals 3 and 4. When the output 
voltage rises slightly above 14V, signal feedback through a 
100kQ resistor to terminal 2 reduces the current drive sup- 
plied to the 2N3054 pass transistor from terminal 6 of the 
CA3094. An incandescent lamp serves as the indicator of 
charging current flow. Adequate limiting provisions protect 
the circuit against damage under load short conditions. The 
advantage of the circuit over certain the types of regulator 
circuits is that the reference voltage supply doesn’t drain the 
battery when the power supply is disconnected. This feature 
is important in portable service applications, such as in a 
trailer where a battery is kept “on-charge” when the trailer is 
parked and power is provided from an AC line. 


MURALITES 
LAMP 
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FIGURE 31. BATTERY CHARGER REGULATOR CIRCUIT 


FIGURE 30. LINE OPERATED THYRISTOR FIRING CIRCUIT CONTROLLED BY AC BRIDGE SENSOR 
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FIGURE 32. GROUND FAULT INTERRUPTER (GFI) AND WAVE- 
FORM PERTINENT TO GROUND FAULT DETECTOR 


Ground Fault interrupters (GF) 


Ground fault interrupter systems are used to continuously 
monitor the balance of current between the high and neutral 
lines of power distribution networks. Power is interrupted 
whenever the unbalance exceeds a preset value (e.g., 5mA). 
An unbalance of current can occur then, for example, defec- 
tive insulation in the high side of the line permits leakage of 
current to an earth ground. GFI systems can be used to 
reduce the danger of electrocution from accidental contact 
with “high” line because the unbalance caused by the leak- 
age of current from the “high” line through a human body to 
ground results in an interruption of current flow. 


The CA3094 is ideally suited for GFl applications because it 
can be operated from a single supply, has adequate sensitiv- 
ity, and can drive a relay or thyristor directly to effect power 
interruption. Figure 32 shows a typical GFI circuit. Vernier 
adjustment of the trip point is made by the Rypip potentiome- 
ter. When the differential current sensor supplies a signal 
that exceeds the selected trip-point voltage level (e.g., 
6O0mV), the CA3094 is toggled “on” and terminal 8 goes “low” 
to energize the circuit breaker trip coil. Under quiescent con- 
ditions, the entire circuit consumes approximately 1mA. The 
resistor R, connected to one leg of the current sensor, pro- 
vides current limiting to protect the CA3094 against voltage 
spikes as large as 100V. Figure 32 also shows the pertinent 
waveform for the GFI circuit. 


Because hazards of severe electrical shock are a potential 
danger to the individual user in the event of malfunctions in 
GFI apparatus, it is mandatory that the highest standard of 
good engineering practice be employed in designing equip- 
ment for this service. Every consideration in design and 
application must be given to the potentially serious conse- 
quences of component malfunction in such equipment. Use 
of “reliability through redundancy” concepts and so called 
“fail-safe” features is encouraged. 
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In 1969, the first triple operational transconductance amplifier 

or OTA was introduced. The wide acceptance of this new cir- 

Cuit concept prompted the development of the single, highly 

linear operational transconductance amplifier, the CA30O80. 

Because of its extremely linear transconductance characteris- 

tics with respect to amplifier bias current, the CA3080 gained 

wide acceptance as a gain control block. The CA3094  wyernne 

improved on the performance of the CA3080 through the INPUT 

addition of a pair of transistors; these transistors extended the 

current carrying capability to 300mA, peak. This new device, “MPUFIER ‘—w) 
the CA3094, is useful in an extremely broad range of circuits CURRENT , 

in consumer and industrial applications; this paper describes — 
only a few of the many consumer applications. 


What Is an OTA? 


The OTA, operational transconductance amplifier, concept is as 
basic as the transistor; once understood, it will broaden the 
designer's horizons to new boundaries and make realizable 
designs that were previously unobtainable. Figure 1 shows an 
equivalent diagram of the OTA. The differential input circuit is 
the same as that found on many modern operational amplifiers. 
The remainder of the OTA is composed of current mirrors as 
shown in Figure 2. The geometry of these mirrors is such that 
the current gain is unity. Thus, by highly degenerating the cur- 
rent mirrors, the output current is precisely defined by the differ- 
ential input amplifier. Figure 3 shows the output current transfer 
characteristic of the amplifier. The shape of this characteristic 
remains constant and is independent of supply voltage. Only 
the maximum current is modified by the bias current. 


wil DIFFERENTIAL AMPLIFIER 
MAW TRANSFER CHARACTERISTIC 


NAGS 
<p 


NORMALIZED OUTPUT CURRETN AND 
DEVIATION FROM STRAIGHT LINE 
pt ttt tt ty 


Ll TIN 
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FIGURE 3. THE OUTPUT CURRENT TRANSFER CHARACTER- 
ISTIC OF THE OTA IS THE SAME AS THAT OF AN 
IDEALIZED DIFFERENTIAL AMPLIFIER 


The major controlling factor in the OTA is the input amplifier 
bias current lagc; as explained in Figure 1, the total output 
current and g,, are controlled by this current. In addition, the 
input bias current, input resistance, total supply current, and 
Output resistance are all proportional to this amplifier bias 
current. These factors provide the key to the performance of 
this most flexible device, an idealized differential amplifier, 
i.@., a Circuit in which differential input to single ended output 
conversion can be realized. With this knowledge of the 
basics of the OTA, it is possible to explore some of the appli- 


FIGURE 1. EQUIVALENT DIAGRAM OF THE OTA cations of the device. 
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DC Gain Control 


The methods of providing DC gain control functions are 
numerous. Each has its advantage simplicity, low cost, high 
level control, low distortion. Many manufacturers who have 
nothing better to offer propose the use of a four quadrant 
multiplier. This is analogous to using an elephant to carry a 
twig. It may be elegant but it takes a lot to keep it going! 
When operated in the gain control mode, one input of the 
standard transconductance multiplier is offset so that only 
one half of the differential input is used; thus, one half of the 
multiplier is being thrown away. 


The OTA, while providing excellent linear amplifier character- 
istics, does provide a simple means of gain control. For this 
application the OTA may be considered the realization of the 
ideal differential amplifier in which the full differential ampli- 
fier gm is converted to a single ended output. Because the 
differential amplifier is ideal, its g,, is directly proportional to 
the operating current of the differential amplifier; in the OTA 
the maximum output current is equal to the amplifier bias 
current lagc. Thus, by varying the amplifier bias current, the 
amplifier gain may be varied: A = g,, R, where R, is the out- 
put load resistance. Figure 4 shows the basic configuration 
of the OTA DC gain control circuit. 


Vx bid lo= Sm Vx 
SIGNAL AMPLITUDE 
INPUT MODULATED 
OUTPUT 


FIGURE 4. BASIC CONFIGURATION OF THE OTA DC GAIN 
CONTROL CIRCUIT 


As long as the differential input signal to the OTA remains 
under 50mV peak-to-peak, the deviation from a linear trans- 
fer will remain under 5 percent. Of course, the total harmonic 
distortion will be considerably less than this value. Signal 
excursions beyond this point only result in an undesired 
“compressed” output. The reason for this compression can 
be seen in the transfer characteristic of the differential ampli- 
fier in Figure 3. Also shown in Figure 3 is a curve depicting 
the departure from a linear line of this transfer characteristic. 


The actual performance of the circuit shown in Figure 4 is 
plotted in Figure 5. Both signal to noise ratio and total har- 
monic distortion are shown as a function of signal input. Fig- 
ures 5B and 5C show how the signal handling capability of 
the circuit is extended through the connection of diodes on 
the input as shown in Figure 6!). Figure 7 shows total system 
gain as a function of amplifier bias current for several values 
of diode current. Figure 8 shows an oscilloscope reproduc- 
tion of the CA3080 transfer characteristic as applied to the 
circuit of Figure 4. The oscilloscope reproduction of Figure 9 


was obtained with the circuit shown in Figure 6. Note the 
improvement in linearity of the transfer characteristic. 
Reduced input impedance does result from this shunt con- 
nection. Similar techniques could be used on the OTA output, 
but then the output signal would be reduced and the correc- 
tion circuitry further removed from the source of non linearity. 
It must be emphasized that the input circuitry is differential. 
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FIGURE 5C. 


FIGURE 5. PERFORMANCE CURVES FOR THE CIRCUIT OF 
FIGURES 4 AND 6 
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Transistors from CA3046 array 
AGC System with extended input range 
FIGURE 6. A CIRCUIT SHOWING HOW THE SIGNAL HAN- FIGURE 7. TOTAL SYSTEM GAIN AS A FUNCTION OF AMPLE 
DLING CAPABILITY OF THE CIRCUIT OF FIER BIAS CURRENT FOR SEVERAL VALUES OF 
FIGURE 4 CAN BE EXTENDED THROUGH THE DIODE CURRENT 


CONNECTION OF DIODES ON THE INPUT 
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ERRESE 


| it | | 
| ete | | 


Horizontal: 25mV/Div. Vertical: 50A/Div. Horizontal: 0.5V/Div. Vertical: 50,A/Div. 
lapc = 100pA lapc = 100pHA, Diode Current = 1mA 
FIGURE 8. OSCILLOSCOPE REPRODUCTION OF THE CA3080 FIGURE 9. OSCILLOSCOPE REPRODUCTION OF THE CA3080 
TRANSFER CHARACTERISTIC AS APPLIED TO TRANSFER CHARACTERISTIC AS APPLIED TO 
THE CIRCUIT OF FIGURE 4 THE CIRCUIT OF FIGURE 6 


Simplified Differential Input to Single Ended Output 
Conversion 


One of the more exacting configurations for operational than 5 percent nonlinearity. The common mode range is that 
amplifiers is the differential to single-ended conversion cir- of the CA3080 differential amplifier. In addition, the gain 
cuit. Figure 10 shows some of the basic circuits that are usu- characteristic follows the standard differential amplifier g,, - 
ally employed. The ratios of the resistors must be precisely temperature coefficient of -0.3%/°C. Although the system of 
matched to assure the desired common mode rejection. Fig- Figure 11 does not provide the precise gain control obtained 
ure 11 shows another system using the CA3080 to obtain with the standard operational amplifier approach, it does 
this conversion without the use of precision resistors. Differ- provide a good simple compromise suitable for many differ- 
ential input signals must be kept under 126mV for better ential transducer amplifier applications. 
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FIGURE 10. SOME TYPICAL DIFFERENTIAL TO SINGLE- 
ENDED CONVERSION CIRCUITS 


NOTES: 
1. A=g, RL 
AT 500A, lage 
2. Gm = 10MS 
3... A=10mS x 10K = 100 


FIGURE 11. A DIFFERENTIAL TO SINGLE ENDED CONVER- 
SION CIRCUIT WITHOUT PRECISION RESISTORS 


The CA3094 


The CA3094 offers a unique combination of characteristics 
that suit it ideally to use as a programmable gain block for 
audio power amplifiers. It is a transconductance amplifier in 
which gain and open-loop bandwidth can be controlled 


between wide limits. The device has a large reserve of out- 
put-current capability, and breakdown and power dissipation 
ratings sufficiently high to allow it to drive a complementary 
pair of transistors. For example, a 12W power amplifier stage 
(8Q load) can be driven with peak currents of 35mA (assum- 
ing a minimum output transistor beta of 50) and supply volt- 
ages of +18V. In this application, the CA3094A is operated 
substantially below its supply voltage rating of 44V max. and 
its dissipation rating of 1.6W max. Also in this application, a 
high value of open-loop gain suggests the possibility of pre- 
cise adjustment of frequency response characteristics by 
adjustment of impedances in the feedback networks. 


implicit Tone Controls 


In addition to low distortion, the large amount of loop gain and 
flexibility of feedback arrangements available when using the 
CA3094 make it possible to incorporate the tone controls into 
the feedback network that surrounds the entire amplifier sys- 
tem. Consider the gain requirements of a phonograph play- 
back system that uses a typical high quality magnetic 
cartridge.!9) A desirable system gain would result in from 2W 
to 5W of output at a recorded velocity of 1cm/s. Magnetic 
pickups have outputs typically ranging from 4mV to 10mvV at 
5cm/s. To get the desired output, the total system needs 
about 72dB of voltage gain at the reference frequency. 


Figure 12 is a block diagram of a system that uses a passive or 
“losser’ type of tone control circuit that is inserted ahead of the 
gain control. Figure 13 shows a system in which the tone con- 
trols are implicit in the feedback circuits of the power amplifier. 
Both systems assume the same noise input voltage at the 
equalizer and main-amplifier inputs. The feedback system 
shows a small improvement (3.8dB) in signal-to-noise ratio at 
maximum gain but a dramatic improvement (20dB) at the zero 
gain position. For purposes of comparison, the assumption is 
made that the tone controls are set “flat” in both cases. 


Cost Advantages 


In addition to the savings resulting from reduced parts count 
and circuit size, the use of the CA3094 leads to further sav- 
ings in the power supply system. Typical values of power sup- 
ply rejection and common-mode rejection are 90dB and 
100dB, respectively. An amplifier with 40dB of gain and 90dB 
of power supply rejection would require 316mV of power sup- 
ply ripple to produce 1mV of hum at the output. Thus, no fur- 
ther filtering is required other than that given by the energy 
storage Capacitor at the output of the rectifier system. 


Power Amplifier Using the CA3094 


A complete power amplifier using the CA3094 and three 
additional transistors is shown schematically in Figure 14. 
The amplifier is shown in a single-channel configuration, but 
power supply values are designed to support a minimum of 
two channels. The output section comprises Q1 and Q2, 
complementary epitaxial units connected in the familiar 
“bootstrap” arrangement. Capacitor C3 provides added base 
drive for Q1 during positive excursions of the output. The cir- 
Cuit can be operated from a single power supply as well as 
from a split supply as shown in Figure 15. The changes 
required for 14.4V operation with a 3.2Q speaker are also 
indicated in the diagram. 
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FIGURE 12. BLOCK DIAGRAM OF A SYSTEM USING A “LOSSER” TYPE TONE CONTROL CIRCUIT 
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FIGURE 13. A SYSTEM IN WHICH TONE CONTROLS ARE IMPLICIT IN THE FEEDBACK CIRCUIT OF THE POWER AMPLIFIER 


The amplifier may also be modified to accept input from 
ceramic phonograph cartridges. For standard inputs (equalizer 
preamplifiers, tuners, etc.) C1 is 0.047pF, R1 is 250kQ, and R2 
and C2 are omitted. For ceramic-cartridge inputs, C1 is 
0.0047F, R1 is 2.5MQ, and the jumper across C2 is removed. 


Output Biasing 


Instead of the usual two-diode arrangement for establishing 
idling currents in Q1 and Q2, a “V,, Multiplier’, transistor Q3, 
is used. This method of biasing establishes the voltage 
between the base of Q1 and the base of Q2 at a constant 
multiple of the base to emitter voltage of a single transistor 
while maintaining a low variational impedance between its 
collector and emitter (see Appendix A). If transistor Q3 is 
mounted in intimate thermal contact with the output units, 
the operating temperature of the heat sink forces the Vp, of 
Q3 up and down inversely with heat-sink temperature. The 
voltage bias between the bases of Q1 and Q2 varies 
inversely with heat sink temperature and tends to keep the 
idling current in Q1 and Q2 constant. 


A bias arrangement that can be accomplished at lower cost 
than those already described replaces the V;,, multiplier with 
a 1N5391 diode in series with an 8.2Q resistor. This 
arrangement does not provide the degree of bias stability of 
the Vb, multiplier, but is adequate for many applications. 


Tone-Controls 


The tone controls, the essential elements of the feedback 
system, are located in two sets of parallel paths. The bass 


network includes R3, R4, R5, C4, and C5. C6 blocks the dc 
from the feedback network so that the DC gain from input to 
the feedback takeoff point is unity. The residual DC output 
voltage at the speaker terminals is then 


R1i1+R12 
Miz 


R1 


where R11 is the source resistance. The input bias current is 
then 


‘ape = “oc * Vee? 
2B 2BR6 


The treble network consists of R7, R8, R9, R10, C7, C8, C9, 
and C10. Resistors R7 and R@Q limit the maximum available 
cut and boost, respectively. The boost limit is useful in curtail- 
ing heating due to finite turn-off time in the output units. The 
limit is also desirable when there are tape recorders nearby. 
The cut limit aids the stability of the amplifier by cutting the 
loop gain at higher frequencies where phase shifts become 
significant. 


In cases in which absolute stability under all load conditions is 
required, it may be necessary to insert a small inductor in the 
Output lead to isolate the circuit from capacitive loads. A 3H 
inductor (1A) in parallel with a 22Q resistor is adequate. The 
derivation of circuit constants is shown in Appendix B. Curves 
of control action versus electrical rotation are also given. 


11-46 


“BOOST” R20 “cut”? C7 RT 
(CW) 15K (ccw) 0.01pF 8200 


0.12uF| R8 f TREBLE 
18002 


680 
0.001 LF 5600Q 
=  0.001pF 
_ Su, 
C1 -_ @ 
Es o at 
Rt 12) 
a8 (s) 
Y) () 
(4) 
(5) 
R6 
680K 
C5 — 
0.2uF 
C6 =o C4 
25uF 1K Bass | °-02HF 
= “BOOST” R4 “CUT” R3 


(CW) 100K (CCW) 10K 


Application Note 6077 


120V AC TO 
T1 26.8VCT AT 1A 


120V AC 


JUMPER 


FIGURE 14. A COMPLETE POWER AMPLIFIER USING THE CA3094 AND THREE ADDITIONAL TRANSISTORS 


APPLICATION 


100K 10K 47K 


FIGURE 15. A POWER AMPLIFIER OPERATED FROM A SINGLE SUPPLY 
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Performance 


Figure 16 is a plot of the measured response of the complete 
amplifier at the extremes of tone control rotation. A compari- 
son of Figure 16 with the computed curves of Figure B4 
(Appendix B) shows good agreement. The total harmonic dis- 
tortion of the amplifier with an unregulated power supply is 
shown in Figure 17; IM distortion is plotted in Figure 18. Hum 
and noise are typically 700uV at the output, or 83dB down. 


“ rae 
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FIGURE 16. THE MEASURED RESPONSE OF THE AMPLIFIER 
AT EXTREMES OF TONE CONTROL ROTATION 


TOTAL HARMONIC DISTORTION (%) 


4 
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FIGURE 17. TOTAL HARMONIC DISTORTION OF THE AMPLIFI- 
ER WITH AN UNREGULATED POWER SUPPLY 


60Hz 2kHz 


60Hz 7kHz 
60Hz 12kHz 


0 2 4 6 8 10 12 14 
POWER OUTPUT (W) 
FIGURE 18. IM DISTORTION OF THE AMPLIFIER WITH AN 
UNREGULATED SUPPLY 


Companion RIAA Preamplifier 


Many available preamplifiers are capable of providing the 
drive for the power amplifier of Figure 14. Yet the unique 
characteristics of the amplifier, its power supply, input imped- 
ance, and gain make possible the design of an RIAA pream- 
plifier that can exploit these qualities. Since the input 
impedance of the amplifier is essentially equal to the value of 
the volume control resistance (250kQ), the preamplifier need 
not have high output current capability. Because the gain of 
the power amplifier is high (40dB) the preamplifier gain only 
has to be approximately 30dB at the reference frequency 
(1kHz) to provide optimum system gain. 


Figure 19 shows the schematic diagram of a CA3080 pream- 
plifier. The CA3080, a low cost OTA, provides sufficient open- 
loop gain for all the bass boost necessary in AIAA compensa- 
tion. For example, a g,, of 10mS with a load resistance of 
250kQ provides an open-loop gain of 68dB, thus allowing at 
least 18dB of loop gain at the lowest frequency. The CA3080 
can be operated from the same power supply as the main 
amplifier with only minimal decoupling because of the high 
power supply rejection inherent in the device circuitry. In 
addition, the high voltage swing capability at the output 
enables the CA3080 preamplifier to handle badly over modu- 
lated (over-cut) recordings without overloading. The accuracy 
of equalization is within +1dB of the RIAA curve, and distor- 
tion is virtually immeasurable by classical methods. Overload 
occurs at an output of 7.5V, which allows for undistorted 
inputs of up to 186MV (260mV peak). 


120K 


0.002uF 680pF 


FIGURE 19. A CA3080 PREAMPLIFIER 
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Appendix A - Vpe Multiplier 
The equivalent circuit for the V,, multiplier is shown in Figure 
A1. The voltage E1 is given by: 


Ri| 


is R1 


FIGURE A1. EQUIVALENT CIRCUIT FOR THE V,,, MULTIPLIER 


The value of V,, is itself dependent on the emitter current of 
the transistor, which is, in turn, dependent on the input cur- 
rent | since: 


(A2) 


The derivative of Equation A1 with respect to | yields the 
incremental impedance of the Vp. multiplier: 


de1_>_ RI ,[) prt K3R2 
B+1 |'* (B+1)Ra| | R21, +K3 


where K3 is a constant of the transistor Q1 and can be found 
from: 
Vie = KSini, - K2 


(A3) 


(A4) 
Equation A4 is but another form of the diode equation: 


(AS) 


Using the values snown in Figure 14 plus data on the 
2N6292 (a typical transistor that could be used in the circuit), 
the dynamic impedance of the circuit at a total current of 
40mA is found to be 4.6 In the actual design of the V,, 
multiplier, the value of IR2 must be greater than V;,, or the 
transistor will never become forward biased. 


Appendix B - Tone Controls 


Figure B1 shows four operational amplifier circuit configura- 
tions and the gain expressions for each. The asymptotic low 
frequency gain is obtained by letting S approach zero in 
each case: 


Bass Boost: A) ow = — 
Bass Cut: A; ow = aes 
Treble Boost: A) ow = ae 
Treble Cut: Ai ow = a 


The asymptotic high-frequency gain is obtained by letting S 
increase without limit in each expression: 


_ A1+R2 
Bass Boost: AuIGH = a 
R1i+R2 
C3+C4 
C1C4 
C2+ 
; = C1+C4 
Treble Cut: AWIGH = —C1+G2 


Note that the expressions for high frequency gain are identi- 
cal for both bass circuits, while the expressions for low fre- 
quency gain are identical for the treble circuits. 


Figure B2 shows cut and boost bass and treble controls that 
have the characteristics of the circuits of Figure B1. The 
value Regr in the treble controls of Figure B1 is derived from 
the parallel combination of R1 and R2 of Figure B2 when the 
control is rotated to its maximum counterclockwise position. 
When the control is rotated to its maximum clockwise posi- 
tion, the value is equal to R1. 


To compute the circuit constants, it is necessary to decide in 
advance the amounts of boost and cut desired. The gain 
expressions of Figure B1 indicate that the slope of the ampli- 
tude versus frequency curve in each case will be 6dB per 
octave (20dB per decade). If the ratios of boosted and cut 
gain are set at 10, i.e.: 


= 
F _ Amip 2 
LOW (Cut) ~ 10 <x ~ 
O 
ao, 
: se - ak 
< 


P _ Amin 
HIGH (Cut) ~ 10 


then the following relationships result: 
Bass Circuit: R1 = 10R2 


R3 = 99R2 
Treble Circuit: C1 = 10C4 
10C4 

c= 
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R1+R2+R3. 11450 (R2R3 + R1R3) 
A= ae oe 1 (R1+R2+R3) 
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FIGURE B1 (A). BASS BOOST 
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FIGURE Bi (C). TREBLE BOOST 
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FIGURE B1 (B). BASS CUT 
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FIGURE B1 (D). TREBLE CUT 


FIGURE B1. FOUR OPERATIONAL AMPLIFIER CIRCUIT CONFIGURATIONS AND THE GAIN EXPRESSIONS FOR EACH 


The unaffected portion of the gain (A high for the bass con- 
trol and A low for the treble control) is 11 in each case. 


To make the controls work symmetrically, the low and high 
frequency break points must be equal for both boost and cut. 


Thus: 


CiR3 (R1+R2 
Bass Control: ( ) _ C2R2R3 


R1+R2+R3 £R2+R3 


C2RA3 (Ri +R2) 


an OAD nea 


since R3=R2+R3, C2=10C1 


(C1 C4+C3 C4+C1 C3) 
C1i+C4 

Ri R2 

~ R1+R2 


Treble Control: R1 
(C1+C2) 


R1R2. (C1 C4+C2 C4+Ci C2) 
and R2C3 = (ay Leila Silillntcdhosboncs 


+R2 (C1+C4) 
since C1=100C2,C2 = C3 andC1 = 10C4,R1 = 9R2 


To make the controls work in the circuit of Figure 14, breaks 
were set at 1000Hz: 


1 


ACIRAI = ——— 
lad 2x xX 1000 


for the base control 


1 


R1 — 
“ 2x X 1000 


and for the treble control 


Response and Control Rotation 


In a practical design, it is desirable to make “flat” response 
correspond to the 50% rotation position of the control, and to 
have an aural sensation of smooth variation of response on 
either side of the mechanical center. It is easy to show that 
the “flat” position of the bass control occurs when the wiper 
are is advanced to 91% of its total resistance. The amplitude 
response of the treble control is, however, never completely 
“flat”; a computer was used to generate response curves as 
controls were varied. 


Figure B3 is a plot of the response with bass and treble tone 
controls combined at various settings of both controls. The 
values shown are the practical ones used in the actual 
design. Figure B4 shows the information of Figure B3 replot- 
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ted as a function of electrical rotation. The ideal taper for 
each control would be the complement of the 100Hz plot for 
the bass control and the 10kHz response for the treble con- 
trol. The mechanical center should occur at the crossover 
point in each case. 


R2 CW R3 CCW RI 


GAIN (dB) 


0.2 0.4 0.6 0.8 1.0 
ELECTRICAL ROTATION OF BASS CONTROL 
FIGURE B2 (A). BASS CONTROL FIGURE Bé4 (A). 
Ci CW R1 CCW C4 
alls R2 
C3 
C2 


FIGURE B2 (B). TREBLE CONTROL 


FIGURE B2. CUT AND BOOST BASS AND TREBLE CONTROLS 
THAT HAVE THE CHARACTERISTICS OF THE CIR- 0.2 0.4 0.6 0.8 1.0 
CUITS IN FIGURE B1 ELECTRICAL ROTATION OF TREBLE CONTROL 


FIGURE B4 (B). 


FIGURE B4. THE INFORMATION OF FIGURE B3 PLOTTED AS A 
FUNCTION OF ELECTRICAL ROTATION 
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IC VOLTAGE REGULATORS 


Authors: A.C.N. Sheng and L.R. Avery 


The Harris CA3085, CA3085A, and CA3085B monolithic 
IC’s are positive-voltage regulators capable of providing out- 
put currents up to 100mA over the temperature range from - 
55°C to +125°C. They are supplied in 8 lead TO-5 type pack- 
ages. The following tabulation shows some key characteris- 
tics and salient differences between devices in the CA3085 


Series. 
Vin (V)) 
oe REGULATION 
( % Vo) 
Er Ze CE 


*This value may be extended to 100mA; however, regulation 
is not specified beyond 12mA. 


Your fo) MAX LOAD 


a 


In addition to these differences, the range of some specified 
performance parameters is more tightly controlled in the 
CA3085B than in the CA3085A, and more in the CA3085A 
than in the CA3085. 


This note describes the basic circuit of the CA3085 series 
devices and some typical applications that include a high 
Current regulator, constant current regulations, a switching 
regulator, a negative-voltage regulator, a dual-tracking regu- 
lator, high-voltage regulators, and various methods of provid- 
ing current limiting, A circuit in which the CA3085 is used as 
a general-purpose amplifier is also shown. 


Circuit Description 


The block diagram of the CA3085 series circuits is shown in 
Figure 1. Fundamentally, the circuit consists of a frequency 
compensated error-amplifier which compares an internally 
generated reference voltage with a sample of the output volt- 
age and controls a series-pass amplifier to regulate the out- 
put. The starting circuit assures stable latch-in of the 
voltage-reference circuitry. The current-limiting portion of the 
Circuit is an optional feature that protects the IC in the event 
of overload. 


Terminal 5 provides a source of stable reference voltage for 
auxiliary use; a current of about 250A can be supplied to an 
external circuit without significantly disturbing reference-volt- 
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age stability. If necessary, filtering of the inherent noise of the 
reference-voltage circuit can be accomplished by connecting 
a Suitable bypass capacitor between terminals 5 and 4. 


Terminal 6 (the “inverting input” in accordance with opera- 
tional-amplifier terminology) is the input through which a 
sample of the regulated output voltage is applied. 


COMPENSATION AND 
EXTERNAL INHIBIT 
CURRENT (3) 
BOOSTER 


UNREGULATED 
INPUT (V*»,) @& 


CURRENT 
U 


STARTING 
CIRCUIT 


FIGURE 1. BLOCK DIAGRAM OF CA3085 SERIES 


The collector of the series-pass output transistor is brought 
out separately at terminal 2 (“current booster’) to provide 
base drive for an external p-n-p transistor; this approach is 
one method of regulating currents greater than 100mA. 


Because the voltage regulator is essentially an operational 
amplifier having considerable feedback, frequency compen- 
sation is necessary in some circuits to prevent oscillations. 
Terminal 7 is provided for if external frequency compensa- 
tion is necessary. Terminal 7 can also be used to “inhibit” 
(strobe, squelch, pulse, key) the operation of the series-pass 
amplifier. 


Brief Description of CA3085 Schematic Diagram 


The schematic diagram of the CA3085 series circuits is 
shown in Figure 2. The left-hand section includes the start- 
ing circuit, the voltage reference circuit, and the constant- 
current circuit. The center section is basically an elementary 
operational amplifier which serves as the voltage-error 
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amplifier controlling the series-pass. Darlington pair (Q13, 
Q14) shown in the right-hand section when controlled by an 
appropriate external sensing network, transistor Q15, serves 
to provide protective current-limiting characteristics by 
diverting base drive from the series pass Circuit. For opera- 
tion at the highest current levels, terminals 2 and 3 are tied 
together to eliminate the voltage drop which would otherwise 
be developed across resistor R5. 


VOLTAGE-REFERENCE, 
STARTUP AND 
CONSTANT-CURRENT 
CIRCUITS 


VOLTAGE- 
ERROR 


AMP (OP AMP) LIMITING CIRCUITS 


Seeeweeuses 


COMPENSATION 
AND EXTERNAL 
INHIBIT 


(2) 


O14 CURRENT 
BOOSTER 


REGULATED 
OUTPUT 


CURRENT 


ALL RESISTANCE VALUES } LIMITING 
ARE IN Q ' 


FIGURE 2. SCHEMATIC DIAGRAM OF CA3085 SERIES 
Voltage Reference Circuits 


The basic voltage referenced element used in the CA3085 is 
zener diode D3. It provides a nominal reference voltage of 
5.5V and exhibits a positive temperature coefficient of 
approximately 2.5mV/°C. If this reference voltage were used 
directly in conjunction with the error-amplifier (Q5, Q6, etc.), 
the IC would exhibit two major undesirable characteristics: 
(1) its performance with temperature variations would be 
poor, and (2) its use as a regulator would be restricted to cir- 
cuits in which the minimum regulated output voltages are in 
excess of 5.5V. Consequently, it is necessary to provide 
means of compensating for the positive temperature coeffi- 
cient of D3 and at the same time provide for obtaining a sta- 
ble source of lower reference voltage. Both temperature 
compensation and the reduction of the reference voltage are 
accomplished by means of the series divider network con- 
sisting of the base-emitter junction of Q3, diode D4, resistors 
R2 and R3, and diode 5. 


The voltage developed across D3 drives the divider network 
and a voltage of approximately 4V is developed between the 
cathode of D4 and the cathode of D5 (terminal 4). The cur- 
rent through this divider network is held nearly constant with 
temperature because of the combined temperature coeffi- 
cients of the zener diode (D3), Q3 base-emitter junction, D4, 
D5, and the resistors R2 and R3. This constant current 
through the diode D5 and the resistor R3 produces a voltage 


SERIES-PASS AND CURRENT- 


SBVeVeVeweweee2eBBBBB2e2e2SBeBBeBeBeeB Be BPBeBeBSBeBeESTeBSSSEEeEBeBeses=s 


drop between terminals 4 and 5 that results in the reference 
voltage (= 1.6V) having an effective temperature coefficient 
of about 0.0035%/°C. 


The reference diode D3 receives a currant of approximately 
620A from a constant-current circuit consisting of Q3 and 
the current-mirror* D6, Q1, and Q2. Current to start-up the 
constant-current source initially is provided by auxiliary 
zener diode D1 and R1. Diode D2 blocks current from the 
R1-D1 source after latch-in of the constant-current source 
establishes a stable reference potential, and thereby pre- 
vents modulation of the reference voltage by ripple voltage 
on the unregulated input voltage. 


Voltage-Error Amplifier 


Transistors Q5 and Q6 comprise the basic differential ampli- 
fier that is used as a voltage-error amplifier to compare the 
stable reference voltage applied at the base of Q5 with a 
sample of the regulator output voltage applied at terminal 6. 
The D5-Q4 combination is a current-mirror which maintains 
essentially constant-current flow to Q5 and Q6 despite varia- 
tions in the unregulated input voltage. The Q8, Q9, and D7 
network provides a “mirrored” active collector load for Q5 
and Q6 and also provides a variable single-ended drive to 
the Q13 and Q14 series-pass transistors in accordance with 
the difference signal developed between the bases of Q5 
and Q6. The open-loop gain of the error-amplifier is greater 
than 1000. 


Series-Pass and Current-Limiting Circuits 


In the normal mode of operation, or in the current-boost 
mode when terminals 2 and 3 are tied together, the Darling- 
ton pair Q13-Q14 performs the basic series-pass regulating 
function between the unregulated input voltage and the reg- 
ulated output voltage at terminal 1. In the current-limiting 
mode transistor Q15 provides current-limiting to protect the 
CA3085 and/or limit the load current. To provide current-lim- 
iting protection, a resistor (e.g., 5Q) is connected between 
terminals 1 and 8; terminal 8 becomes the source of regu- 
lated output voltage. As the voltage drop across this resistor 
increases, base drive is supplied to transistor Q15 so that it 
becomes increasingly conductive and diverts base drive 
from the Q13-Q14 pass transistor to reduce output current 
accordingly. Resistor R4 is provided to protect Q15 against 
overdrive by limiting its base current under transient and 
load-short conditions. 


Because the CA3085 regulator is essentially an op-amp 
having considerable feedback, frequency compensation 
may be required to prevent oscillations. Stability must also 
be maintained despite line and load transients, even during 
operation into reactive loads (e.g., filter capacitors). Provi- 
sions are included in the CA3085 so that a small-value 
Capacitor may be connected between terminals 6 and 7 to 
compensate the regulator, when necessary, by “rolling-off” 
the amplifier frequency-response. Terminal 7 is also used to 
externally “inhibit” operation of the CA3085 by diverting base 
current supplied to Q13-Q14, thereby permitting the use of 
keying, strobing, programming, and/or auxiliary overload- 
protection circuits. 
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Applications 
A Simple Voltage Regulator 


Figure 3 shows the schematic diagram of a simple regulated 
power supply using the CA3085. The ac supply voltage is 
stepped down by T1, full-wave rectified by the diode bridge 
circuit, and smoothed by the large electrolytic capacitor C1 
to provide unregulated dc to the CA3085 regulator circuit. 
Frequency compensation of the error-amplifier is provided 
by capacitor C2. Capacitor C3 bypasses residual noise in 
the reference-voltage source, and thus decreases the incre- 
mental noise-voltage in the regulator circuit output. 


Ti: STANCOR TP3 


FIGURE 3. BASIC POWER SUPPLY 


Because the open-loop gain of the error-amplifier is very 
high (greater than 1000), the output voltage may be directly 
calculated from the following expression: 


(R2 + R1) 


= (EQ. 1) 


Vo = VReF 
In the circuit shown in Figure 3, the output voltage can be 
adjusted from 1.8V to 20V by varying R2. The maximum out- 
put current is determined by Rgc; load-regulation character- 
istics for various values of Rgc are shown in Figure 4. 


When this circuit is used to provide high output currents at 
low output voltages, care must be exercised to avoid exces- 
sive IC dissipation. In the circuit of Figure 3, this dissipation 
control can be accomplished by increasing the primary-to- 
secondary transformer ratio (a reduction in V;) or by using a 
dropping resistor between the rectifier and the CA3085 regu- 
lator. Figure 5 gives data on dissipation limitation (V, - Vo vs. 
lo) for CA3085 series circuits. The short-circuit current is 
determined as follows: 


0.7 


Rgc 


Vee 


amperes (EQ. 2) 


The line-and-load regulation characteristics for the circuit 
shown in Figure 3 are approximately 0.05 percent of the out- 
put voltage. 

INPUT VOLTAGE (V+) = 15V 

OUTPUT VOLTAGE (V+) = 10V 

AMBIENT TEMPERATURE (Ta) = 25°C 

hy WAY! | 


£ 
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LOAD REGULATION - % Vo 


rT 


b 


‘an bo (i) - sak 


FIGURE 4. LOAD REGULATION CHARACTERISTICS FOR 
CIRCUIT OF FIGURE 3 


--- OPERATION WITHOUT 
HEAT SINK 


— OPERATION WITH 
HEAT SINK 


INPUT VOLTS MINUS OUTPUT VOLTS (Vp - Vout) 


0 20 40 60 80 100 
OUTPUT (mA) 


FIGURE 5. DISSIPATION LIMITATION (V; - Vo v8 Io) FOR 
CA3085 SERIES CIRCUITS 


High-Current Voltage Regulator 


When regulated voltages at currents greater than 100mA are 
required, the CA3085 can be used in conjunction with an 
external n-p-n pass transistor as shown in the circuits of Fig- 
ure 6. In these circuits the output current available from the 
regulator is increased in accordance with the he¢ of the 
external n-p-n pass transistor. Output currents up to 8A can 
be regulated with these circuits. A Darlington power transis- 
tor can be substituted for the 2N5497 transistor when cur- 
rents greater than 8A are to be regulated. 
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FIGURE 6B. WITH AUXILLIARY SHORT-CIRCUIT PROTECTION 


FIGURE 6. HIGH-CURRENT VOLTAGE REGULATOR USING 
n-p-n PASS TRANSISTOR 


A simplified method of short circuit protection is used in con- 
nection with the circuit of Figure 6A. The variable resistor 
Rscp serves two purposes: 1) it can be adjusted to optimize 
the base drive requirements (hee) of the particular 2N5497 
transistor being used, and 2) in the event of a short circuit in 
the regulated output voltage the base drive current in the 
2N5497 will increase, thereby increasing the voltage drop 
across Rgcp. As this voltage drop increases the short circuit 
protection system within the CA3085_ correspondingly 
reduces the output current available at terminal 8, as 
described previously. It should be noted that the degree of 
short circuit protection depends on the value of Rgcp, i.e., 
design compromise is required in choosing the value of 
Rscp to provide the desired base drive for the 2N5497 while 
maintaining the desired short circuit protection. Figure 6B 
shows an alternate circuit in which an additional transistor 
(2N2102) and two resistors have been added as an auxiliary 
short circuit protection feature. Resistor R3 is used to estab- 
lish the desired base drive for the 2N5497, as described 
above. Resistor R; jyiz Now controls the short circuit output 
current because, in the event of a short circuit, the voltage 
drop developed across its terminals increases sufficiently to 
increase the base drive to the 2N2102 transistor. This 
increase in base drive results in reduced output from the 
CA3085 because collector current flow in the 2N2102 diverts 
base drive from the Darlington output stage of the CA3085 
(see Figure 2) through terminal 7. The load regulation of this 
circuit is typically 0.025 per cent with 0 to 3A load-current 
variation; line regulation is typically 0.025%/V change in 
input voltage. 


Voltage Regulator with Low V;, - Vo Difference 


In the voltage regulators described in the previous section, it 
is necessary to maintain a minimum difference of about 4V 


between the input and output voltages. In some applications 
this requirement is prohibitive. The circuit shown in Figure 7 
can deliver an output current in the order of 2A with a V; - Vo 
difference of only one voit. 

2N4036 


FIGURE 7. VOLTAGE REGULATOR FOR LOW V,- Vo 
DIFFERENCE 


It employs a single external p-n-p transistor having its base 
and emitter connected to terminals 2 and 3, respectively, of 
the CA3085. In this circuit, the emitter of the output transistor 
(Q14 in Figure 2) in the CA3085 is returned to the negative 
supply rail through an external resistor (Rscp) and two 
series-connected diodes (D1, D2). These forward biased 
diodes maintain Q6 in the CA3085 within linear-mode opera- 
tion. The choice of resistors R1 and R2 is made in accor- 
dance with Equation 1. Adequate frequency compensation 
for this circuit is provided by the 0.01p.F capacitor connected 
between terminal 7 of the CA3085 and the negative supply 
rail. 


Figure 8 which shows the output impedance of the circuit of 
Figure 7 as a function of frequency, illustrates the excellent 
ripple-rejection characteristics of this circuit at frequencies 
below 1kHz. Lower output impedances at the higher fre- 
quencies can be provided by connecting an appropriate 
Capacitor across the output voltage terminals. The addition 
of a capacitor will, however, degrade the ability of the system 
to react to transient-load conditions. 


INPUT VOLTAGE (V+) = 15V 
OUTPUT VOLTAGE (V+) = 10V 
AMBIENT TEMPERATURE (Ta) = 25° 


0.1 
0.01 0.1 1 10 100 1000 
FREQUENCY (kHz) 


FIGURE 8. OUTPUT RESISTANCE vs FREQUENCY FOR 
CIRCUIT OF FIGURE 7 
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High Voltage Regulator 


Figure 9 shows a circuit that uses the CA3085 as a voltage 
reference and regulator control device for high-voltage 
power supplies in which the voltages to be regulated are well 
above the input-voltage ratings of the CA3085 series circuits. 
The external transistors Q1 and Q2 require voltage ratings in 
excess of the maximum input voltage to be regulated, 
Series-pass transistor Q2 is controlled by the collector cur- 
rent of Q1, which in turn is controlled by the normally regu- 
lated current output supplied by the CA3085. The input 
voltage for the CA3085 regulator at terminal 3 is supplied 
through dropping resistor R3 and the clamping zener diode 
D1. The values for resistor R1 and R2 are determined in 
accordance with Equation 1. 


UNREG V;, 
(e.g.120V) 


10V-15V 


FIGURE 9. HIGH VOLTAGE REGULATOR 
Negative Voltage Regulator 


The CA3085 is used as a negative-supply voltage regulator 
in the circuit shown in Figure 10. Transistor Q3 is the series 
pass transistor. It should be noted that the CA3085 is effec- 
tively connected across the load side of the regulated sys- 
tem. Diode D1 is used initially in a “circuit-starter’ function; 
transistor Q2 “latches” D1 out of its starter-circuit function so 
that the CA3085 can assume its role in controlling the pass 
transistor Q3 by means of Q1. 


FIGURE 10. NEGATIVE VOLTAGE REGULATOR 


Operation of the circuit is as follows: current through R3 and 
D1 provides base drive for Q1, which in turn provides base 
drive for the pass-transistor Q3. By this means operating 
potential for the CA3085 is developed between the collector of 
Q3 (terminal 4 of the CA3085) and the positive supply-rail (ter- 
minal 3 of the CA3085). When the output voltage has risen 
sufficiently to maintain operation of the CA3085 (approx. 
7.5V), transistor Q2 is driven into conduction by the base drive 
supplied from the 1KQ-12KQ voltage divider. As Q2 becomes 
conductive, it diverts the base drive being supplied to Q1 
through the R3-D1 path, and diode D1 ceases to conduct. 
Under these conditions, base-current drive to Q1 through ter- 
minal 2 of the CA3085 regulates the base drive to Q3. Values 
of R1 and R2 are determined in accordance with Equation 1. 


The circuit shown in Figure 11 is similar to that of Figure 10, 
except for the addition of a constant-current limiting circuit 
consisting of transistor Q4, a 1KQ resistor, and resistor Rgcp 
When the load current increases above a particular design 
value, the corresponding increase in the voltage drop across 
resistor Rgcp provides additional base drive to transistor Q4. 
Thus, as transistor Q4 becomes increasingly conductive, its 
collector current diverts sufficient base drive from Q3 to limit 
the current in the pass transistor feeding the regulated load. 
With the types of transistors shown in Figures 10 and 11, 
maximum currents in the order of 5A can be regulated. 


) 2200 
7) ano 


“The at 


Vv 

a7KQ 1KQ ° 
CA3085 sir 

TAS \) , 


aa PASS TRANSISTOR 


UNREG 


FIGURE 11. NEGATIVE VOLTAGE REGULATOR WITH 
CONSTANT CURRENT LIMITING CIRCUIT 


High-Output-Current Voltage Regulator With “Foldback” 
Current-Limiting (Also known as “Switch-Back” 
Current-Limiting) 


In high-current voltage regulators employing constant cur- 
rent limiting (e.g., Figures 6 and 7), it is possible to develop 
excessive dissipation in the series-pass transistor when a 
short circuit develops across the output terminals. This situa- 
tion can be avoided by the use of the “foldback” current-limit- 
ing Circuitry as shown in Figure 12. In this circuit, terminal 8 
of the CA3085 senses the output voltage, and terminal 1 is 
tied to a tap on a voltage-divider network connected 
between the emitter of the pass-transistor (Q3) and ground. 
The current-foldback trip-point is established by the value of 
resistor Rgc. 
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FIGURE 12. HIGH OUTPUT CURRENT VOLTAGE REGULATOR 
WITH “FOLDBACK” CURRENT LIMITING 


The protective tripping action is accomplished by forward- 
biasing Q15 in the CA3085 (see Figure 2). Conditions for 
tripping circuit operation are defined by the following expres- 
sions: 


Vpe(ais) = (voltage at terminal 1) - (output voltage) 


R1 
= ke IRsc) R1+R2_ ] Vy 14) 
R1 
If —_—————— = K, then 
Ri + R2 


Vseais) = (Vo + ILRsc) K - Vo = KVo + KILRgc - Vo 
and therefore 
Vo + Vpe(ais) - KVo 


KI. (EQ. 4) 


Rsc = 


Under load short-circuit conditions, terminal 8 is forced to 
ground potential and current flows from the emitter of Q14 in 
the CA3085, establishing terminal 1 at one Vs_-drop [=0.7V] 
above ground and Q15 in a partially conducting state. The 
current through Q14 necessary to establish this one Vor 
condition is the sum of currents flowing to ground through R1 
and [R2 + Rgc]. Normally Rgc is much smaller than R2 and 
can be ignored; therefore, the equivalent resistance Reg to 
ground is the parallel combination of R1 and R2. 


The Q14 current is then given by: 


_ VBE(a15) a VBE(a15) _ 0.7 {1 + 0.46] 2.06mA 
oe hs R1R2 1.3 x 0.46 j 
Ri+R2 (EQ. 5) 


This current provides a voltage between terminals 2 and 3 
as follows: Q 


V0.3 = larg X 250Q = 2.06 x 10° x 250 = 0.515V (EQ. 6) 


The effective resistance between terminals 2 and 3 is 250Q 
because the external 500Q resistor R3 is in parallel with the 
internal 500Q resistor R5. It should be understood that the 
Vo.3 potential of 0.515V is insufficient to maintain the exter- 
nal p-n-p transistor Q2 in conduction, and, therefore, Q3 has 
no base drive. Thus the output current is reduced to zero by 
the protective circuitry. Figure 13 shows the foldback charac- 
teristic typical of the circuit of Figure 12. 


INPUT VOLTAGE 
(V;) = 15V 
CURRENT TRIP 
SET FOR 1A 


OUTPUT VOLTAGE (Vo), (V) 


OUTPUT CURRENT (Ig), (A) 


FIGURE 13. TYPICAL “FOLDBACK” CURRENT-LIMITING 
CHARACTERISTIC FOR CIRCUIT OF FIGURE 12 


An alternative method of providing “foldback” current-limiting 
is shown in Figure 14. The operation of this circuit is similar 
to that of Figure 12 except that the foldback-control transistor 
Q2 is external to the CA3085 to permit added flexibility in 
protection-circuit design. 


Under low load conditions Q2 is effectively reverse-biased by 
a small amount, depending upon the values of R3 and R4. 
As the small amount, depending upon the values of R3 and 
R4. As the load current increases the voltage drop across 
Ririp increases, thereby raising the voltage at the base of Q1, 
and Q2 starts to conduct. As Q2 becomes increasingly con- 
ductive it diverts base current from transistors Q13 and Q14 
in the CA3085, and thus reduces base drive to the external 
pass-transistor Q1 with a consequent reduction in the output 
voltage. The point at which current-limiting occurs, ltnp, is 
calculated as follows: 


VpeEa1) = voltage at terminal 8 - Vo (assuming a low value for Rrpip) 


Qi 2N5497 


PASS 
TRANSISITOR 


FIGURE 14. HIGH-OUTPUT-CURRENT VOLTAGE REGULA- 
TOR USING AUXILIARY TRANSISTOR TO 
PROVIDE “FOLDBACK” CURRENT LIMITING 
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R4 

VpE(Q2)= Voltage at terminal 8 ( "R44 ) -Vo 

ites 

=| VotlLR +V “ees fx 
oF 'L TRIP + YBE(Q1) R3 + R4 fe) 
R4 
TK = , then the trip current is given by: 
R3 + R4 


Vpe(az2) - KIVo + Vee(ai)] + Vo 


lein = 
7 KRrrip (EQ. 7) 


In the circuit in Figure 12 the load current goes to zero when 
a short circuit occurs. In the circuit of Figure 14 the load cur- 
rent is significantly reduced but does not go to zero. The 
value for Isc is computed as follows: 


VBE(a2) 
VBE(Q2) + j-is + Ipq2) | R1 = Veet) + IscRrrie 


VBE(Q2) 
VpE(a2) + oe + Ip(q2) J R1 = Vee) 


Isc = 
Rrrip 


Figure 15 shows that the transfer characteristic of the load 
current is essentially linear between the “trip-point’ and the 
“short-circuit” point. 


10 


OUTPUT VOLTAGE (V) 


INPUT VOLTAGE (V)) = 15V 
CURRENT TRIP SET FOR 500mA 


0 100 200 300 400 500 
OUTPUT CURRENT (mA) 


FIGURE 15. TYPICAL FOLDBACK CURRENT-LIMITING CHAR- 
ACTERISTIC FOR CIRCUIT OF FIGURE 14 


High-Voltage Regulator Employing Current “Snap-Back” 
Protection 


In high-voltage regulators (e.g., see Figure 9), “foldback” cur- 
rent-limiting cannot be used safely because the high voltage 
across the pass transistor can cause second breakdown 
despite the reduction in current flow. To adequately protect 
the pass transistor in this type of high-voltage regulator, the 
so-called “snap-back” method of current limiting can be 
employed to reduce the current to zero in a few microsec- 
onds, and thus prevent second-breakdown destruction of the 
device. 


The circuit diagram of a high-voltage regulator employing 
current “snap-back” protection is shown in Figure 16. The 
basic regulator circuit is similar to that shown in Figure 9. 


(EQ. 8) 


The additional circuitry in the circuit of Figure 16 quickly 
interrupts base drive to the pass transistor in event of load 
fault. The point of current-trip is established as follows: 
V 
BE(Q1) (EQ. 9) 


ltrip = Rec 


con 


y (5) 
CA3085 (8) Ke) 
‘= 


FIGURE 16. HIGH-VOLTAGE REGULATOR INCORPORATING 
CURRENT “SNAP-BACK” PROTECTION 


Thus, when a sufficient voltage drop is developed across 
Rsc, transistor Q1 becomes conductive and current flows 
into the base of Q2 so that it also becomes conductive. Tran- 
sistor Q3, in turn, is driven into conduction, thereby latching 
the Q2-Q3 combination (basic SCR action) so that it diverts 
(through terminal 7) base drive from the output stage (Q13, 
Q14) in the CA3085. By this means, base drive is diverted 
from Q4 and the pass transistor Q5. To restore regulator 
operation, normally closed switch S1 is momentarily opened 
and unlatches Q2-Q3. 


Switching Regulator 


When large input-to-output voltage differences are neces- 
sary, the regulators described above are inefficient because 
they dissipate significant power in the series-pass transistor. 
Under these conditions, high-efficiency operation can be 
achieved by using a switching-type regulator of the generic 
type shown in Figure 17A. Transistor Q1 acts as a keyed 
switch and operates in either a saturated or cut-off condition 
to minimize dissipation. When transistor Q1 is conductive, 
diode D1 is reversed-biased and current in the inductance 
L1 increases in accordance with the following relationship: 


ty 


iL = pJvat 
t 


(EQ. 10) 
0 
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FIGURE 17A. SELF-OSCILLATING SWITCHING REGULATOR 


Vv 

’ torr 

re) t 
FORWARD DROP OF D1 


FIGURE 17B. VOLTAGE AT POINT V 
A 
Imax 


FIGURE 17C. INDUCTOR CURRENT |, 
AVo 


REG. Vo Veer 


FIGURE 17D. OUTPUT VOLTAGE 


FIGURE 17. SWITCHING REGULATOR AND ASSOCIATED 
WAVEFORMS 


Where V is the voltage across the inductance L1. The current 
through the inductance charges the capacitor C1 and supplies 
current to the load. The output voltage rises until it slightly 
exceeds the reference voltage V,,_;. At this point the op-amp 
removes base drive to Q1 and the unregulated input voltage 
V1 is “switched off”. The energy stored in the inductor L1 now 
causes the voltage at V, to swing in the negative direction and 
current flows through diode D1, while continuing to supply 
current into the load R,. As the current in the inductor falls 
below the load current, the capacitor C1 begins to discharge 
and Vo decreases. When Vo falls slightly below the value of 
Vref, the op-amp turns on Q1 and the cycle is repeated. It 
should be apparent that the output voltage oscillates about 
Vaer with an amplitude determined by R1 and R2. Actually, 
the value of Vper varies from being slightly more positive than 
Vrer when Q1 is conducting, to being slightly more negative 
than Vagr when D1 is conducting. The voltage and current 
waveforms are shown in Figure 17B, C, and D. 


Design Example 


The following specifications are used in decomputations for 
a switching regulator: 


V, = 30V, Vo = 5V, Io = 500mA, 
switching frequency = 20kHz, 
output ripple = 100mV 


if it is assumed that transistor Q1 is in steady-state saturated 
operation with a low voltage-drop, the current in the inductor 
is given by Eq.10, as follows: 


t1 
v= -Vo 


Lat fve= (7 


When transistor Q1 is off, the current in the inductor is given 
by: 


}ton (EQ. 11) 


Vv 
ee (EQ. 12) 


From Equation 11, 


(Vi-Vo) 1 
gee oa 


i 


Vo 
Vv; 


(EQ. 13) 


If imax iS 1.3 IL, then during t,, the current in the inductor (i,) 


will be 0.5A x 1.3 = 0.65A; therefore, Ai, = 0.15A. 
Substitution in Equation 13 yields 
ee a =, Sarid (EQ. 14) 
045° (20x10) "30° | 
Current discharge from the capacitor C1 is given by: 
dv 
le = Cc dt 
A At 
Thus, Aip= C orC = “tc 
At Av 
Since ig = iLand At = tog-, then 
C= _Abtore (EQ. 15) 
Av 


Substitution for the value of iL from Equation 13 yields 


Cet). (E). 
a L1 . f . V, . F 
Av 


(EQ. 16) 
1 
The total period T = to¢¢+ ton, and T = — Therefore, 
1 
lorr == - ‘on (EQ. 17) 
For optimum efficiency t,,, should be 
2 ) a a (EQ. 18) 
Substitution for t,, in Equation 18 yields 
1 
torr= 7 - oe = 7-2 (EQ. 19) 
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Substitution for t,,, in Equation 16 yields 


(Vi-Vo) 1 Vo 
lL sf Vv 


G« (EQ. 20) 


Substitution of numerical values in Equation 20 produces the 
following value for C: 


30-5 1 5 1 (; 5 ) 
1.4x10° ° 20x10°° 30 ° 20x10? "\ 49 
ee iii a 


A switching-regulator circuit using the CA3085 is shown in 
Figure 18. The values of L and C (1.5mH and 50m, respec- 
tively) are commercially available components having values 
approximately equal to the computed values in the previous 
design example. 


0.7 R1+R1 


Rumit = 


FIGURE 18. TYPICAL SWITCHING REGULATOR CIRCUIT 
Current Regulators 


The CA3085 series of voltage regulators can be used to pro- 
vide a constant source or sink current. A reguiated-current 
supply capable of delivering up to 100mA is shown in Figure 
19A . The regulated load current is controlled by R1 because 
the current flowing through this resistor must establish a volt- 
age difference between terminals 6 and 4 that is equal to the 
internal reference voltage developed between terminals 5 
and 4. 
UNREG. V, 


REG. = 
FIGURE 19A. CURRENT REGULATOR 


UNREG. | 
HIGH-CURRENT REGULATOR 
FIGURE 19B. HIGH-CURRENT REGULATOR 


FIGURE 19. CONSTANT CURRENT REGULATORS 


The actual regulated current, reg |, is the sum of the quies- 
cent regulator current and the current through R1, i-.e., 


reg IL = lquiescent + 'r1 


Figure 19B shows a high-current regulator using the CA3085 
in conjunction with an external n-p-n transistor to regulate 
currents up to 3A. In this circuit the quiescent regulator cur- 
rent does not flow through the load and the output current 
can be directly programmed by RJ, i.e., 


Vv 


With this regulator currents between 1mA and 3A can be 
programmed directly. At currents below 1mA inaccuracies 
may occur as a result of leakage in the external transistor. 


A Dual-Tracking Voltage Regulator 


A dualtracking voltage regulator using a CA3085 and a 
CA3094A is shown in Figure 20. The CA3094A is basically an 


Op-amp capable of supplying 100mA of output current. Specifi- 
cations for the CA3094A appear in datasheet file number 598. 


The positive output voltage is regulated by a CA3085 operating 
in a configuration essentially similar to that described in connec- 
tion with Figure 3. Resistor R is used as a vernier adjustment of 
Output voltage. The negative output voltage is regulated by the 
CA3094A, which is “slaved” to the regulated positive voltage sup- 
plied by the CA3085. It should be noted that the non-inverting 
input of the CA3094A and the negative supply terminal of the 
CA3085 are connected to a common ground reference. The 
“slaving” potential for the CA3S094A is derived from an accurate 
1:1 voltage-divider network comprised of two 10KQ resistors 
connected between the +15V and the -15V output terminals. The 
junction of these two resistors is connected to the inverting input 
of the CA3094A. The voltage at this junction is compared with 
the voltage at the non-inverting input, and the CA3094A then 
automatically adjusts the output current at the negative terminal 
to maintain a negative regulated output voltage essentially equal 
to the regulated positive output voltage. Typical performance data 
for this circuit are shown in Figure 20. 
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V+ INPUT 
(NOTE 1) 


5» COMMON 
RETURN 


0.03,F 


5 -15V REG. 
OUTPUT 


10KQ 
t1% 


REGULATION: 
MAX. LINE = 


AV out 
X 100 = 0.075%/V 


Mens (INITIAL) AVing 


AV out 


MAX. LOAD = Oo 
Yeuir (iniTiat) | AVin 


X 100 = 0.075%/Vour 
(i, FROM 1A TO 50mA) 


NOTE: 
1. V+ Input Range = 19V to 30V for 15V Output 
2. V- Input Range = -16V to -30V for -15V Output 


FIGURE 20. DUAL-VOLTAGE TRACKING REGULATOR 


The basic circuit of Figure 20 can be modified to regulate dis- 
similar positive and negative voltages (e.g., +15V, -5V) by 
appropriate selection of resistor ratios in the voltage-divider 
network discussed previously. As an example, to provide 
tracking of the -15V and -5V regulated voltages with the circuit 
of Figure 20, it is only necessary to replace the 10KQ resistor 
connected between terminals 3 and 8 of the CA3094A with a 
3.3KQ. resistor. 


Regulators With High Ripple Rejection 


When the reference-voltage source in the CA3085 is ade- 
quately filtered, the typical ripple rejection provided by the cir- 
Cuit is 56dB. It is possible to achieve higher ripple-rejection 
performance by cascading two stages of the CA3085, as 
shown in Figure 21. The voltage-regulator circuit in Figure 21A 
provides 90dB of ripple rejection. The output voltage is adjust- 
able over the range from 1.8V to 30V by appropriate adjustment 
of resistors R1 and R2. Higher regulated output currents up to 
1A can be obtained with this circuit by adding an external n-p-n 
transistor as shown in Figure 21B. 


= 0.00ipF = — 
90dB RIPPLE REJECTION 
LINE REG. <0.0001%/ V, 
LOAD REG. <0.1% Vo FOR LOAD CURRENTS UP TO 50mA 
Vo RANGE FROM 1.8V TO 30V 


FIGURE 21A. VOLTAGE REGULATOR WITH HIGH RIPPLE 
REJECTION 


FIGURE 21B. HIGH-CURRENT VOLTAGE REGULATOR WITH 
HIGH RIPPLE REJECTION 


The CA3085 As A Power Source For Sensors 


Certain types of sensor applications require a regulated power 
source. Additionally, low-impedance sensors can consume sig- 
nificant power. An example of a circuit with these requirements, 
in which a CA3085 provides regulated power for a low-imped- 
ance sensor and the CA3059 zero-voltage switch, is shown in 
Figure 22. Terminal 12 on the CA3059 provides the ac trigger- 
signal which actuates the zero-voltage switch synchronously 
with the power line to control the load-switching triac. Specifica- 
tions for the CA3059 appear in datasheet file number 490. 


FIGURE 22. VOLTAGE REGULATOR FOR SENSOR AND ZERO- 
VOLTAGE SWITCH 


11-61 


APPLICATION 
NOTES 


Application Note 6157 


The CA3085 As A General-Purpose Amplifier 


As described above, the CA3085 series regulators contain a 
high-gain linear amplifier having a current-output capability 
up to 100mA. The premium type (CA3085B) can operate at 
supply voltages up to 50V. When equipped with an appropri- 
ate radiator or heat sink, the TO-5 package of these devices 
can dissipate up to 1.6W at 55°C. A very stable internal volt- 
age-reference source is used to bias the high-gain amplifier 
and/or provide an external voltage-reference despite 
extreme temperature or supply-voltage variations. These 
factors, plus economics, prompt consideration of this circuit 
for general-purpose uses, such as amplifiers, relay controls, 
signal-lamp controls, and thyristor firing. 


As an example, Figure 23 shows the application of the 
CA3085 in a general-purpose amplifier. Under the conditions 
shown, the circuit has a typical gain of 70bB with a flat 
response to at least 100kHz without the RC network con- 
nected between terminals 6 and 7. The RC network is useful 
as a tone control or to “roll-off” the amplifier response for 
other reasons. Current limiting is not used in this circuit. The 
network connected between terminals 8 and 6 provides both 
de and ac feedback. This circuit is also applicable for directly 
driving an external discrete n-p-n power transistor. 


OUTPUT 


FIGURE 23. GENERAL-PURPOSE AMPLIFIER USING CA3085A 
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No. AN6182.1 April 1994 Harris Intelligent Power 


FEATURES AND APPLICATIONS OF INTEGRATED CIRCUIT 
ZERO-VOLTAGE SWITCHES (CA3059 AND CA3079) 


Authors: A.C.N. Sheng, G.J. Granieri, J. Yellin, and T. McNulty 


CA3059 and CA3079 zero-voltage switches are monolithic 
integrated circuits designed primarily for use as trigger cir- 
Cuits for thyristors in many highly diverse AC power control 
and power switching applications. These integrated circuit 
switches operate from an AC input voltage of 24, 120, 208 to 
230, or 277V at 50, 60, or 400Hz. 


The CA3059 and CA3079 are supplied in a 14 terminal dual- 
in-line plastic package. 


Zero-voltage switches (ZVS) are particularly well suited for 
use as thyristor trigger circuits. These switches trigger the 
thyristors at zero-voltage points in the supply voltage cycle. 
Consequently, transient load current surges and radio 
frequency interference (RFI) are substantially reduced. In 
addition, use of the zero-voltage switches also reduces the 
rate of change of on state current (di/dt) in the thyristor being 
triggered, an important consideration in the operation of 
thyristors. These switches can be adapted for use in a variety 
of control functions by use of an internal differential 
comparator to detect the difference between two externally 
developed voltages. In addition, the availability of numerous 
terminal connections to internal circuit points greatly 
increases circuit flexibility and further expands the types of AC 
power control applications to which these integrated circuits 
may be adapted. The excellent versatility of the zero-voltage 
switches is demonstrated by the fact that these circuits have 
been used to provide transient free temperature control in self 
cleaning ovens, to control gun muzzle temperature in low 
temperature environments, to provide sequential switching of 
heating elements in warm air furnaces, to switch traffic signal 
lights at street intersections, and to effect other widely 
different AC power control functions. 


Functional Description 


Zero-voltage switches are multistage circuits that employ a 
diode limiter, a zero crossing (threshold) detector, an on/off 
sensing amplifier (differential comparator), and a Darlington 
Output driver (thyristor gating circuit) to provide the basic 
switching action. The DC operating voltages for these stages is 
provided by an internal power supply that has sufficient current 
Capability to drive external circuit elements, such as transistors 
and other integrated circuits. An important feature of the zero- 
voltage switches is that the output trigger pulses can be applied 
directly to the gate of a triac or a silicon controlled rectifier 
(SCR). The CA3059 features an interlock (protection) circuit 


Copyright © Harris Corporation 1992 


that inhibits the application of these pulses to the thyristor in the 
event that the external sensor should be inadvertently opened 
or shorted. An external inhibit connection (terminal No. 1) is 
also available so that an external signal can be used to inhibit 
the output drive. This feature is not included in the CA3079; 
otherwise, the three integrated circuit zero-voltage switches are 
electrically identical. 


Overall Circuit Operation 


Figure 1 shows the functional interrelation of the zero-volt- 
age switch, the external sensor, the thyristor being triggered, 
and the load elements in an on/off type of AC power control 
system. As shown, each of the zero-voltage switches incor- 
porates four functional blocks as follows: 


Limiter Power Supply - Permits operation directly from an 
AC line. 


Differential On/Off Sensing Amplifier - Tests the condition of 
external sensors or command signals. Hysteresis or proportional 
control capability may easily be implemented in this section. 


Zero Crossing Detector - Synchronizes the output pulses 
of the circuit at the time when the AC cycle is at a zero-volt- 
age point and thereby eliminates radio frequency interfer- 
ence (RFI) when used with resistive loads. 


Triac Gating Circuit - Provides high current pulses to the 
gate of the power controlling thyristor. 


In addition, the CA3059 provides the following important 
auxiliary functions (shown in Figure 1): 


1. A built-in protection circuit that may be actuated to remove 
drive from the triac if the sensor opens or shorts. 


2. Thyristor firing may be inhibited through the action of an 
internal diode gate connected to terminal 1. 


. High power DC comparator operation is provided by over- 
riding the action of the zero crossing detector. This over- 
ride is accomplished by connecting terminal 12 to terminal 
7. Gate current to the thyristor is continuous when terminal 
13 is positive with respect to terminal 9. 


Figure 2 shows the detailed circuit diagram for the integrated 
circuit zero-voltage switches. (The diagrams shown in Figures 
1 and 2 are representative of all three zero-voltage switches, 
i.e., the CA3059 and CA3079; the shaded areas indicate the 
Circuitry that is not included in the CA3079.) 
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FIGURE 1. FUNCTIONAL BLOCK DIAGRAMS OF THE ZERO-VOLTAGE SWITCHES CA3059 AND CA3079 
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FIGURE 2. SCHEMATIC DIAGRAM OF ZERO-VOLTAGE SWITCHES CA3059 AND CA3079 
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The limiter stage of the zero-voltage switch clips the incom- 
ing AC line voltage to approximately +8V. This signal is then 
applied to the zero-voltage crossing detector, which gener- 
ates an output pulse each time the line voltage passes 
through zero. The limiter output is also applied to a rectifying 
diode and an external capacitor, Ce that comprise the DC 
power supply. The power supply provides approximately 6V 
as the Vcc supply to the other stages of the zero-voltage 
switch. The on/off sensing amplifier is basically a differential 
comparator. The thyristor gating circuit contains a driver for 
direct triac triggering. The gating circuit is enabled when all 
the inputs are at a “high” voltage, i.e., the line voltage must 
be approximately zero volts, the sensing amplifier output 
must be “high”, the external voltage to terminal 1 must be a 
logical “0”, and, for the CA3059, the output of the fail-safe 
circuit must be “high”. Under these conditions, the thyristor 
(triac or SCR) is triggered when the line voltage is essen- 
tially zero volts. 


Thyristor Triggering Circuits 


The diodes D, and Dz in Figure 2 form a symmetrical clamp 
that limits the voltages on the chip to t8V; the diodes D7 and 
D,3 form a half-wave rectifier that develops a positive voltage 
on the external storage capacitor, Cr 


The output pulses used to trigger the power switching thyris- 
tor are actually developed by the zero crossing detector and 
the thyristor gating circuit. The zero crossing detector con- 
sists of diodes Dz and through Dg, transistor Q,, and the 
associated resistors shown in Figure 2. Transistors Q, and 
Qg through Qg and the associated resistors comprise the 
thyristor gating circuit and output driver. These circuits gen- 
erate the output pulses when the AC input is at a zero-volt- 
age point so that RFI is virtually eliminated when the zero- 
voltage switch and thyristor are used with resistive loads. 


The operation of the zero crossing detector and thyristor gat- 
ing circuit can be explained more easily if the on state (i.e., 
the operating state in which current is being delivered to the 
thyristor gate through terminal 4) is considered as the oper- 
ating condition of the gating circuit. Other circuit elements in 
the zero-voltage switch inhibit the gating circuit unless cer- 
tain conditions are met, as explained later. 


In the on state of the thyristor gating circuit, transistors Qg 
and Qg are conducting, transistor Q; is off, and transistor Q¢ 
is on. Any action that turns on transistor Q7 removes the 
drive from transistor Qg and thereby turns off the thyristor. 
Transistor Q7 may be turned on directly by application of a 
minimum of +1.2V at 101A to the external inhibit input, termi- 
nal 1. (If a voltage of more than 1.5V is available, an external 
resistance must be added in series with terminal 1 to limit 
the current to 1mA.) Diode Dj isolates the base of transistor 
Q; from other signals when an external inhibit signal is 
applied so that this signal is the highest priority command for 
normal operation. (Although grounding of terminal 6 creates 
a higher priority inhibit function, this level is not compatible 
with normal DTL or TTL logic levels.) Transistor Q7 may also 
be activated by turning off transistor Qg to allow current flow 
from the power supply through resistor R7 and diode Dy, into 
the base of Q;. Transistor Qg is normally maintained in con- 


duction by current that flows into its base through resistor Ro 
and diodes Dg and Dg when transistor Q, is off. 


Transistor Q,; is a portion of the zero crossing detector. 
When the voltage at terminal 5 is greater than +3V, current 
can flow through resistor R,;, diode Dg, the base-to-emitter 
junction of transistor Q,, and diode D, to terminal 7 to turn 
on Q,. This action inhibits the delivery of a gate-drive output 
signal at terminal 4. For negative voltages at terminal 5 that 
have magnitudes greater than 3V, the current flows through 
diode Ds, the emitter-to-base junction of transistor Q;, diode 
D3, and resistor R;, and again turns on transistor Q,. Tran- 
sistor Q, is off only when the voltage at terminal 5 is less 
than the threshold voltage of approximately +2V. When the 
integrated circuit zero-voltage switch is connected as shown 
in Figure 2, therefore, the output is a narrow pulse which is 
approximately centered about the zero-voltage time in the 
cycle, as shown in Figure 3. In some applications, however, 
particularly those that use either slightly inductive or low 
power loads, the thyristor load current does not reach the 
latching current valuet by the end of this pulse. An external 
capacitor Cy connected between terminal 5 and 7, as shown 
in Figure 4, can be used to delay the pule to accommodate 
such loads. The amount of pulse stretching and delay is 
shown in Figures 5(a) and 5(b). 


NEGATIVE 
dv/dt 


itpy em tty Sem 


a ee se yy 
FIGURE 3. WAVEFORM SHOWING OUTPUT PULSE 
DURATION OF THE ZERO-VOLTAGE SWITCH. 


RESISTANCE 
VALUES ARE 
IN Q 


FIGURE 4. USE OF A CAPACITOR BETWEEN TERMINALS 5 
AND 7 TO DELAY THE OUTPUT PULSE OF THE 
ZERO-VOLTAGE SWITCH 


t The latching current is the minimum current required to sustain 
conduction immediately after the thyristor is switched from the off 
to the on state and the gate signal is removed. 
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FIGURE 5A. 
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FIGURE 5B. 


FIGURE 5. CURVES SHOWING EFFECT OF EXTERNAL CA- 
PACITANCE ON A. THE TOTAL OUTPUT PULSE 
DURATION, AND B. THE TIME FROM ZERO 
CROSSING TO THE END OF THE PULSE 


Continuous gate current can be obtained if terminal 12 is 
connected to terminal 7 to disable the zero crossing detec- 
tor. In this mode, transistor Q, is always off. This mode of 
operation is useful when comparator operation is desired or 
when inductive loads must be switched. (If the capacitance 
in the load circuit is low, most RFI is eliminated.) Care must 
be taken to avoid overloading of the internal power supply in 
this mode. A sensitive gate thyristor should be used, and a 
resistor should be placed between terminal 4 and the gate of 
the thyristor to limit the current, as pointed out later under 
Special Application Considerations. 


Special Application Considerations 


Figure 6 indicates the timing relationship between the line 
voltage and the zero-voltage switch output pulses. At 60Hz, 
the pulse is typically 100s wide; at 400Hz, the pulse width 
is typically 12us. In the basic circuit shown, when the DC 
logic signal is “high”, the output is disabled; when it is “low’, 
the gate pulses are enabled. 


FIGURE 6. TIMING RELATIONSHIP BETWEEN THE OUTPUT 
PULSES OF THE ZERO-VOLTAGE SWITCH AND 
THE AC LINE VOLTAGE 


On/Off Sensing Amplifier 


The discussion thus far has considered only cases in which 
pulses are present all the time or not at all. The differential 
sense amplifier consisting of transistors Qo, Q3, Q4, and Qs 
(shown in Figure 2) makes the zero-voltage switch a flexible 
power control circuit. The transistor pairs Qo-Q, and Q3-Q< 
form a high beta composite p-n-p transistors in which the 
emitters of transistors Q, and Qs act as the collectors of the 
composite devices. These two composite transistors are 
connected as a differential amplifier with resistor R3 acting 
as a constant current source. The relative current flow in the 
two “collectors” is a function of the difference in voltage 
between the bases of transistors Qo and Q3. Therefore, 
when terminal 13 is more positive than terminal 9, little or no 
current flows in the “collector” of the transistor pair Q5-Q4,. 
When terminal 13 is negative with respect to terminal 9, 
most of the current flows through that path, and none in ter- 
minal 8. When current flows in the transistor pair Q5-Q,, 
through the base emitter junction of transistor Q,, and finally 
through the diode D, to terminal 7. Therefore, when Vj is 
equal to or more negative than Vo, transistor Q, is on, and 
the output is inhibited. 


In the circuit shown in Figure 1, the voltage at terminal 9 is 
derived from the supply by connection of terminals 10 and 11 to 
form a precision voltage divider. This divider forms one side of a 
transducer bridge, and the potentiometer Rp and the negative 
temperature coefficient (NTC) sensor form the other side. At 
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low temperatures, the high resistance of the sensor causes ter- 
minal 13 to be positive with respect to terminal 9 so that the thy- 
ristor fires on every half cycle, and power is applied to the load. 
As the temperature increases, the sensor resistance decreases 
until a balance is reached, and V;3 approaches Vo. At this 
point, the transistor pair Qj-Q, turns on and inhibits any further 
pulses. The controlled temperature is adjusted by variation of 
the value of the potentiometer Rp For cooling service, either the 
positions of Rp and the sensor may be reversed or terminals 9 
and 13 may be interchanged. 


The low bias current of the sensing amplifier permits opera- 
tion with sensor impedances of up to 0.1MQ at balance 
without introduction of substantial error (i.e., greater than 5 
percent). The error may be reduced if the internal bridge ele- 
ments, resistors R, and Re, are not used, but are replaced 
with resistances which equal the sensor impedance. The 
minimum value of sensor impedance is restricted by the cur- 
rent drain on the internal power supply. Operation of the 
zero-voltage switch with low impedance sensors is dis- 
cussed later under Special Application Considerations. The 
voltage applied to terminal 13 must be greater than 1.8V at 
all times to assure proper operation. 


Protection Circuit 


A special feature of the CA3059 zero-voltage switch is the 
inclusion of an interlock type of circuit. This circuit removes 
power from the load by interrupting the thyristor gate drive if 
the sensor either shorts or opens. However, use of this cir- 
cuit places certain constraints upon the user. Specifically, 
effective protection circuit operation is dependent upon the 
following conditions: 


1. The circuit configuration of Figure 1 is used, with an inter- 
nal supply, no external load on the supply, and terminal 14 
connected to terminal 13. 


2. The value of potentiometer Rp and of the sensor resis- 
tance must be between 2000Q and 0.1M2Q. 


3. The ratio of sensor resistance and Rp must be greater 
than 0.33 and less than 3.0 for all normal conditions. (If ei- 
ther of these ratios is not met with an unmodified sensor, 
a series resistor or a shunt resistor must be added to avoid 
undesired activation of the circuit.) 


The protective feature may be applied to other systems 
when operation of the circuit is understood. The protection 
circuit consists of diodes D,> and Dys5 and transistor Qo. 
Diode D, activates the protection circuit if the sensor shown 
in Figure 1 shorts or its resistance drops too low in value, as 
follows: Transistor Q¢ is on during an output pulse so that the 
junction of diodes Dg and Dy,» is 3 diode drops (approxi- 
mately 2V) above terminal 7. As long as V,, is more positive 
or only 0.15 volt negative with respect to that point, diode 
D,2 does not conduct, and the circuit operates normally. If 
the voltage at terminal 14 drops to 1 volt, the anode of diode 
Dg can have a potential of only 1.6 to 1.7V, and current does 
not flow through diodes Dg and Dg and transistor Qg. The 
thyristor then turns off. 


The actual threshold is approximately 1.2V at room tempera- 
ture, but decreases 4mV per degree C at higher 


temperatures. As the sensor resistance increases, the volt- 
age at terminal 14 rises toward the supply voltage. At a 
voltage of approximately 6V, the zener diode D,. breaks 
down and turns on transistor Q;9, which then turns off tran- 
sistor Qg and the thyristor. If the supply voltage is not at least 
0.2 volt more positive than the breakdown voltage of diode 
D,5, activation of the protection circuit is not possible. For 
this reason, loading the internal supply may cause this circuit 
to malfunction, as may the selection of the wrong external 
supply voltage. Figure 7 shows a guide for the proper opera- 
tion of the protection circuit when an external supply is used 
with a typical integrated circuit zero-voltage switch. 
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FIGURE 7. OPERATING REGIONS FOR BUILT-IN PROTECTION 
CIRCUITS OF A TYPICAL ZERO-VOLTAGE SWITCH. 


Special Application Considerations 


As pointed out previously, the Harris integrated circuit zero- 
voltage switches (CA3059 and CA3079) are exceptionally 
versatile units than can be adapted for use in a wide variety 
of power control applications. Full advantage of this versatil- 
ity can be realized, however, only if the user has a basic 
understanding of several fundamental considerations that 
apply to certain types of applications of the zero-voltage 
switches. 


Operating Power Options 


Power to the zero-voltage switch may be derived directly 
from the AC line, as shown in Figure 1, or from an external 
DC power supply connected between terminals 2 and 7, as 
shown in Figure 8. When the zero-voltage switch is operated 
directly from the AC line, a dropping resistor Rg of 5,000 to 


10,000Q must be connected in series with terminal 5 to limit ; 


the current in the switch circuit. The optimum value for this 
resistor is a function of the average current drawn from the 
internal DC power supply, either by external circuit elements 
or by the thyristor trigger circuits, as shown in Figure 9. The 
chart shown in Figure 1 indicates the value and dissipation 
rating of the resistor Rg for AC line voltages 24, 120, 208 to 
230, and 277V. 
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FIGURE 8. OPERATION OF THE ZERO-VOLTAGE SWITCH 
FROM AN EXTERNAL DC POWER SUPPLY CON- 
NECTED BETWEEN TERMINALS 2 AND 7. 


120Vays, 50-60Hz OPERATION 


DC SUPPLY VOLTAGE (V) 
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FIGURE 9. DC SUPPLY VOLTAGE AS A FUNCTION OF EXTER- 
NAL LOAD CURRENT FOR SEVERAL VALUES 


Half Cycling Effect 


The method by which the zero-voltage switch senses the 
zero crossing of the AC power results in a half cycling 
phenomenon at the control point. Figure 10 illustrates this 
phenomenon. The zero-voltage switch senses the zero- 
voltage crossing every half cycle, and an output, for example 
pulse No. 4, is produced to indicate the zero crossing. 
During the remaining 8.3ms, however, the differential 
amplifier in the zero-voltage switch may change state and 
inhibit any further output pulses. The uncertainty region of 
the differential amplifier, therefore, prevents pulse No. 5 from 
triggering the triac during the negative excursion of the AC 
line voltage. 


When a sensor with low sensitivity is used in the circuit, the 
zero-voltage switch is very likely to operate in the linear 
mode. In this mode, the output trigger current may be 


sufficient to trigger the triac on the positive going cycle, but 
insufficient to trigger the device on the negative going cycle 
of the triac supply voltage. This effect introduces a half 
cycling phenomenon, i.e., the triac is turned on during the 
positive half cycle and turned off during the negative half 
cycle. 


TRIGGER 
PULSES 
OUT OF 
CA3059 


Vi 
LOAD 
VOLTAGE 


FIGURE 10. HALF CYCLING PHENOMENON IN THE ZERO- 
VOLTAGE SWITCH 


Several techniques may be used to cope with the half cycling 
phenomenon. If the user can tolerate some hysteresis in the 
control, then positive feedback can be added around the dif- 
ferential amplifier. Figure 11 illustrates this technique. The 
tabular data in the figure lists the recommended values of 
resistors R1 and R2 for different sensor impedances at the 
control point. 


THERMISTOR —> 


FIGURE 11. CA3059 ON-OFF CONTROLLER WITH HYSTERESIS 


If a significant amount (greater than +10%) of controlled 
hysteresis is required, then the circuit shown in Figure 12 
may be employed. In this configuration, external transistor 
Q, can be used to provide an auxiliary timed delay function. 
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For applications that require complete elimination of half 
cycling without the addition of hysteresis, the circuit shown in 
Figure 13 may be employed. This circuit uses a CA3098E 
integrated circuit programmable comparator with a zero- 
voltage switch. A block diagram of CA3098E is shown in 
Figure 14. Because the CA3098E contains an integral 
flip-flop, its output will be in either a “O” or “1” state. 
Consequently the zero-voltage switch cannot operate in the 
linear mode, and spurious half cycling operation is 
prevented. When the signal input voltage at terminal 8 of the 
CA3098E is equal to or less than the “low” reference voltage 
(LR), current flows from the power supply through resistor R, 
and Ro, and a logic “O” is applied to terminal 13 of the 
zero-voltage switch. This condition turns off the triac. The 
‘ow triac remains off until the signal input voltage rises to or 
Secs WAN exceeds the “high” reference voltage (HR), thereby effecting 
output | a change in the state of the flip-flop so that a logic “1” is 


Ke) applied to terminal 13 of the zero-voltage switch, and 
| ie a triggers the triac on. 


FIGURE 12. CA3059 ON/OFF CONTROLLER WITH CON- 
TROLLED HYSTERESIS 
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FIGURE 13. SENSITIVE TEMPERATURE CONTROL 
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FIGURE 14. BLOCK DIAGRAM OF CA3098 PROGRAMMABLE SCHMITT TRIGGER 
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“Proportional Control” Systems 


The on/off nature of the control shown in Figure 1 causes 
some overshoot that leads to a definite steady state error. 
The addition of hysteresis adds further to this error factor. 
However, the connections shown in Figure 15A. can be used 
to add proportional control to the system. In this circuit, the 
sense amplifier is connected as a free running multivibrator. 
At balance, the voltage at terminal 13 is much less than the 
voltage at terminal 9. The output will be inhibited at all times 
until the voltage at terminal 13 rises to the design differential 
voltage between terminals 13 and 9; then proportional con- 
trol resumes. The voltage at terminal 13 is as shown in Fig- 
ure 15B). When this voltage is more positive than the 
threshold, power is applied to the load so that the duty cycle 
is approximately 50 percent. With a 0.1MQ sensor and val- 
ues Of Rp = 01.MQ, Ro = 10,000Q, and Cexz = 10pF, a 
period greater than 3 seconds is achieved. This period 
should be much shorter than the thermal time constant of 
the system. A change in the value of any of these elements 
changes the period, as shown in Figure 16. As the resis- 
tance of the sensor changes, the voltage on terminal 13 
moves relative to Vg. A cooling sensor moves V3 in a posi- 
tive direction. The triac is on for a larger portion of the pulse 
cycle and increases the average power to the load. 


FIGURE 15A. 
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FIGURE 15B. 


FIGURE 15. USE OF THE CA3059 IN A TYPICAL HEATING CON- 
TROL WITH PROPORTIONAL CONTROL: A. 
SCHEMATIC DIAGRAM, AND B. WAVEFORM OF 
VOLTAGE AT ERMINAL 13 
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FIGURE 16. EFFECT OF VARIATIONS IN TIME CONSTANT ELE- 
MENTS ON PERIOD 


As in the case of the hysteresis circuitry described earlier, 
some special applications may require more sophisticated 
systems to achieve either very precise regions of control or 
very long periods. 


Zero-voltage switching control can be extended to applications 
in which it is desirable to have constant control of the 
temperature and a minimization of system hysteresis. A closed 
loop top bumer control in which the temperature of the cooking 
utensil is sensed and maintained at a particular value is a good 
example of such an application; the circuit for this control is 
shown in Figure 17. In this circuit, a unijunction oscillator is 
outboarded from the basic control by means of the internal 
power supply of the zero-voltage switch. The output of this 
ramp generator is applied to terminal 9 of the zero-voltage 
switch and establishes a varied reference to the differential 
amplifier. Therefore, gate pulses are applied to the triac 
whenever the voltage at terminal 13 is greater than the voltage 
at terminal 9. A varying duty cycle is established in which the 
load is predominantly on with a cold sensor and predominantly 
off with a hot sensor. For precise temperature regulation, the 
time base of the ramp should be shorter than the thermal time 
constant of the system but longer than the period of the 60Hz 
line. Figure 18, which contains various waveforms for the 
system of Figure 17, indicates that a typical variance of +0.5°C 
might be expected at the sensor contact to the utensil. 
Overshoot of the set temperature is minimized with approach, 
and scorching of any type is minimized. 


TO 
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FIGURE 17. SCHEMATIC DIAGRAM OF PROPORTIONAL ZERO- 
VOLTAGE SWITCHING CONTROL 
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FIGURE 18. WAVEFORMS FOR THE CIRCUIT OF FIGURE 17. 
Effect of Thyristor Load Characteristics 


The zero-voltage switch is designed primarily to gate a thy- 
ristor that switches a resistive load. Because the output 
pulse supplied by the switch is of short duration, the latching 
current of the triac becomes a significant factor in determin- 
ing whether other types of loads can be switched. (The 
latching current value determines whether the triac will 
remain in conduction after the gate pulse is removed.) Provi- 
sions are included in the zero-voltage switch to 
accommodate inductive loads and low power loads. For 
example, for loads that are less than approximately 4A,,,. or 
that are slightly inductive, it is possible to retard the output 
pulse with respect to the zero-voltage crossing by insertion 
of the capacitor Cy from terminal 5 to terminal 7. The inser- 
tion of capacitor Cy permits switching of triac loads that have 
a slight inductive component and that are greater than 
approximately 200W (for operation from an AC line voltage 
Of 120V ims). However, for loads less than 200W (for exam- 
ple, 70W), it is recommended that the user employ sensitive 
gate triacs with the zero-voltage switch because of the low 
latching current requirement of this triac. 


For loads that have a low power factor, such as a solenoid 
valve, the user may operate the zero-voltage switch in the 
DC mode. In this mode, terminal 12 is connected to terminal 
7, and the zero crossing detector is inhibited. Whether a 
“high” or “low” voltage is produced at terminal 4 is then 
dependent only upon the state of the differential comparator 
within the integrated circuit zero-voltage switch, and not 
upon the zero crossing of the incoming line voltage. Of 
course, in this mode of operation, the zero-voltage switch no 
longer operates as a zero-voltage switch. However, for may 
applications that involve the switching of low current induc- 
tive loads, the amount of RFI generated can frequently be 
tolerated. 


For switching of high current inductive loads, which must be 
turned on at zero line current, the triggering technique 
employed in the dual output over-under temperature control- 
ler and the transient free switch controller described 
subsequently in this Note is recommended. 


Switching of Inductive Loads 


For proper driving of a thyristor in full cycle operation, gate 
drive must be applied soon after the voltage across the 
device reverses. When resistive loads are used, this reversal 
occurs as the line voltage reverses. With loads of other 


power factors, however, it occurs as the current through the 
load becomes zero and reverses. 


There are several methods for switching an inductive load at 
the proper time. If the power factor of the load is high (i.e., if 
the load is only slightly inductive), the pulse may be delayed 
by addition of a suitable capacitor between terminals 5 and 
7, as described previously. For highly inductive loads, how- 
ever, this method is not suitable, and different techniques 
must be used. 


If gate current is continuous, the triac automatically commu- 
tates because drive is always present when the voltage 
reverses. This mode is established by connection of termi- 
nals 7 and 12. The zero crossing detector is then disabled so 
that current is supplied to the triac gate whenever called for 
by the sensing amplifier. Although the RFI eliminating func- 
tion of the zero-voltage switch is inhibited when the zero 
crossing detector is disabled, there is no problem if the load 
is highly inductive because the current in the load cannot 
change abruptly. 


Circuits that use a sensitive gate triac to shift the firing point 
of the power triac by approximately 90 degrees have been 
designed. If the primary load is inductive, this phase shift 
corresponds to firing at zero current in the load. However, 
changes in the power factor of the load or tolerances of com- 
ponents will cause errors in this firing time. 


The circuit shown in Figure 19 uses a CA3086 integrated 
Circuit transistor array to detect the absence of load current 
by sensing the voltage across the triac. The internal zero 
crossing detector is disabled by connection of terminal 12 to 
terminal 7, and control of the output is made through the 
external inhibit input, terminal 1. The circuit permits an 
output only when the voltage at point A exceeds two Ver 
drops, or 1.3V. When A is positive, transistors Q, and Q, 
conduct and reduce the voltage at terminal 1 below the 
inhibit state. When A is negative, transistors Q; and Q, 
conduct. When the voltage at point A is less than +1.3V, 
neither of the transistor pairs conducts; terminal 1 is then 
pulled positive by the current in resistor R3, and the output is 
inhibited. 


The circuit shown in Figure 19 forms a pulse of gate current 
and can supply high peak drive to power triacs with low aver- 
age current drain on the internal supply. The gate pulse will 
always last just long enough to latch the thyristor so that 
there is no problem with delaying the pulse to an optimum 
time. As in other circuits of this type, RFI results if the load is 
not suitable inductive because the zero crossing detector is 
disabled and initial turn on occurs at random. 


The gate pulse forms because the voltage at point A when 
the thyristor is on is less than 1.3V; therefore, the output of 
the zero-voltage switch is inhibited, as described above. 
The resistor divider R,; and Ry should be selected to assure 
this condition. When the triac is on, the voltage at point A is 
approximately one third of the instantaneous on state 
voltage (V+) of the thyristor. For most thyristors, V7 (max) is 
less than 2V, and the divider shown is a conservative one. 
When the load current passes through zero, the triac 
commutates and turns off. Because the circuit is still being 
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driven by the line voltage, the current in the load attempts to 
reverse, and voltage increases rapidly across the “turned- 
off” triac. When this voltage exceeds 4V, one portion of the 
CA3086 conducts and removes the inhibit signal to permit 
application of gate drive. Turning the triac on causes the 
voltage across it to drop and thus ends the gate pulse. If the 
latching current has not been attained, another gate pulse 
forms, but no discontinuity in the load current occurs. 


INDUCTIVE 
LOAD 
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FIGURE 19. USE OF THE CA3059 TOGETHER WITH 3086 FOR 
SWITCHING INDUCTIVE LOADS 


Provision of Negative Gate Current 


Triacs trigger with optimum sensitivity when the polarity of 
the gate voltage and the voltage at the main terminal 2 are 
similar (1+ and Il- modes). Sensitivity is degraded when the 
polarities are opposite (I- and Ill+ modes). Although Harris 
triacs are designed and specified to have the same 
sensitivity in both I- and Ill+ modes, some other types have 
very poor sensitivity in the Ill+ condition. Because the 
zero-voltage switch supplies positive gate pulses, it may 
not directly drive some high current triacs of these other 
types. 


The circuit shown in Figure 20A. uses the negative going 
voltage at terminal 3 of the zero-voltage switch to supply a 
negative gate pulse through a capacitor. The curve in Figure 
20B. shows the approximate peak gate current as a function 
of gate voltage Vg. Pulse width is approximately 80s. 
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FIGURE 20. USE OF THE CA3059 TO PROVIDE NEGATIVE 
GATE PULSES: A. SCHEMATIC DIAGRAM; B. 
PEAK GATE CURRENT (FAT TERMINAL 3) AS A 
FUNCTION OF GATE VOLTAGE 


Operation with Low Impedance Sensors 


Although the zero-voltage switch can operate satisfactorily with 
a wide range of sensors, sensitivity is reduced when sensors 
with impedances greater than 20,000Q are used. Typical sensi- 
tivity is one percent for a 5000Q sensor and increases to three 
percent for a 0.1MQ sensor. 


Low impedance sensors present a different problem. The sensor 
bridge Is connected across the internal power supply and causes 
a current drain. A 5000Q sensor with its associated 5000Q series 
resistor draws less than 1mA. On the other hand, a 300Q sensor 
draws a current of 8 to 10mA from the power supply. 


Figure 21 shows the 600Q load line of a 300Q sensor on a 
redrawn power supply regulation curve for the zero-voltage 
switch. When a 10,000Q series resistor is used, the voltage 
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across the circuit is less than 3V and both sensitivity and output 
current are significantly reduced. When a 50002 series resistor 
is used, the supply voltage is nearly 5V, and operation is 
approximately normal. For more consistent operation, however, 
a 4000Q series resistor is recommended. 


LOAD CURRENT (mA) 


SUPPLY VOLTAGE (V) 


FIGURE 21. POWER SUPPLY REGULATION OF THE CA3059 
WITH A 3002 SENSOR (6002 LOAD) FOR TWO 
VALUES OF SERIES RESISTOR. 


Although positive temperature coefficient (PTC) sensors rated at 
5kQ are available, the existing sensors in ovens are usually of a 
much lower value. The circuit shown in Figure 22 is offered to 
accommodate these inexpensive metal wound sensors. A sche- 
matic diagram of the CA3080 integrated circuit operation 
transconductance amplifier used in Figure 22, is shown in Figure 
23. With an amplifier bias current, lapc, Of 100A, a forward 
transconductance of 2mQ is achieved in this configuration. The 
CA3080 switches when the voltage at terminal 2 exceeds the 
voltage at terminal 3. This action allows the sink current, Is, to 
flow from terminal 13 of the zero-voltage switch (the input imped- 
ance to terminal 13 of the zero-voltage switch is approximately 
50k{2); gate pulses are no longer applied to the triac because Q, 
of the zero-voltage switch is on. Hence, if the PTC sensor is cold, 
i.e., in the low resistance state, the load is energized. When the 
temperature of the PTC sensor increases to the desired temper- 
ature, the sensor enters the high resistance state, the voltage on 
terminal 2 becomes greater than that on terminal 3, and the triac 
switches the load off. 


FIGURE 22. SCHEMATIC DIAGRAM OF CIRCUIT FOR USE 
WITH LOW RESISTANCE SENSOR 


INVERTING 
INPUT a 


NON- 
INVERTING (3) 
INPUT 


AMPLIFIER (6) 
BIAS INPUT 


FIGURE 23. SCHEMATIC DIAGRAM OF THE CA3080 


Further cycling depends on the voltage across the sensor. 
Hence, very low values of sensor and potentiometer resis- 
tance can be used in conjunction with the zero-voltage 
switch power supply without causing adverse loading effects 
and impairing system performance. 


Interfacing Techniques 


Figure 24 shows a system diagram that illustrates the role of 
the zero-voltage switch and thyristor as an interface between 
the logic circuitry and the load. There are several basic inter- 
facing techniques. Figure 25A. shows the direct input tech- 
nique. When the logic output transistor is switched from the 
on state (Saturated) to the off state, the load will be turned on 
at the next zero-voltage crossing by means of the interfacing 
zero-voltage switch and the triac. When the logic output tran- 
sistor is switched back to the on state, zero crossing pulses 
from the zero-voltage switch to the triac gate will immediately 
cease. Therefore, the load will be turned off when the triac 
commutates off as the sine wave load current goes through 
zero. In this manner, both the turn-on and turn-off conditions 
for the load are controlled. 


LOADS AND 
MECHANISMS 


COMPUTER OR 


LOGIC OUTPUT INTERFACE 


TRIAC 


MOTORS 
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PTC/NTC 
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FIGURE 24. THE ZERO-VOLTAGE SWITCH AND THYRISTOR 
AS AN INTERFACE 


When electrical isolation between the logic circuit and the load 
is necessary, the isolated-input technique shown in Figure 
25B. is used. In the technique shown, optical coupling is used 
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to achieve the necessary isolation. The logic output transistor 
switches the light source portion of the isolator. The light sensor 
portion changes from a high impedance to a low impedance 
when the logic output transistor is switched from off to on. The 
light sensor is connected to the differential amplifier input of the 
zero-voltage switch, which senses the change of impedance at 
a threshold level and switches the load on as in Figure 25A. 


FIGURE 25B. 


FIGURE 25. BASIC INTERFACING TECHNIQUES: A. DIRECT IN- 
PUT; B. ISOLATED INPUT 


KNIGHT 
54E-1421 
(OR EQUIV.) 


Sensor Isolation 


In many applications, electrical isolation of the sensor from 
the AC input line is desirable. Several isolation techniques 
are shown in Figures 26, 27, and 28. 


Transformer Isolation - In Figure 26, a pulse transformer is 
used to provide electrical isolation of the sensor from incom- 
ing AC power lines. The pulse transformer T, isolates the 
sensor from terminal No. 1 of the triac Y,, and transformer 
T, isolates the CA3059 from the power lines. Capacitor C, 
shifts the phase of the output pulse at terminal No. 4 in order 
to retard the gate pulse delivered to triac Y,; to compensate 
for the small phase shift introduced by transformer T,. 


Many applications require line isolation but not zero-voltage 
switching. A line isolated temperature controller for use with 
inductive or resistive loads that does not include zero-volt- 
age switching is shown in Figure 27. 


In temperature monitoring or control applications the sensor 
may be a temperature dependent element such as a resis- 
tor, thermistor, or diode. The load may be a lamp, bell, horn, 
recorder or other appropriate device connected in a feed- 
back relationship to the sensor. 


For the purpose of the following explanation, assume that 
the sensor is a resistor having a negative temperature coeffi- 
cient and that the load is a heater thermally coupled to the 
sensor, the object being to maintain the thermal coupling 
medium at a desired reference temperature. Assume initially 
that the temperature at the coupling medium is low. 


The operating potentials applied to the bridge circuit produce 
a common mode potential, Voy, at the input terminals of the 
CA3094. Assuming the bridge to have been initially bal- 
anced (by adjustment of Ry), the potential at point A will 


FIGURE 26. ZERO-VOLTAGE SWITCH, ON/OFF CONTROLLER WITH AN ISOLATED SENSOR 
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increase when temperature is low since it was assumed that 
the sensor has a negative temperature coefficient. The 
potential at the noninverting terminal, being greater than that 
at the inverting terminal at the amplifier, causes the multivi- 
brator to oscillate at approximately 10kHz. The oscillations 
are transformer coupled through a current limiting resistor to 
the gate of the thyristor, and trigger it into conduction. 


When the thyristor conducts, the load receives AC input 
power, which tends to increase the temperature of the sen- 
sor. This temperature increase decreases the potential at 
point A to a value below that at point B and the multivibrator 
is disabled, which action, in turn, turns off the thyristor. The 
temperature is thus controlled in an of/off fashion. 


3.3K 
Ro (NOTE 1) 


Capacitor C, is used to provide a low impedance path to 
ground for feedback induced signals at terminal No. 5 while 
blocking the direct current bias provided by resistor R,. 
Resistor R2 provides current limiting. Resistor Rg limits the 
secondary current of the transformer to prevent excessive 
current flow to the control terminal of the CA3094. 


Photocoupiler Isolation - In Figure 28, a photocoupler pro- 
vides electrical isolation of the sensor logic from the 
incoming AC power lines. When a logic “1” is applied at the 
input of the photocoupler, the triac controlling the load will be 
turned on whenever the line voltage passes through zero. 
When a logic”0” is applied to the photocoupler, the triac will 
turn off and remain off until a logic “1” appears at the input of 
the photocoupler. 


V+ 
(EXT) 
LOAD 
200K {| (NOTE 2) 
1W ‘ ; 
Ry ‘ INPUT 
an | Desk | 
“2 ' ' 
100 <<] , 0.001 : 
‘ pF 


NOTE: 
1. R, Determines Drive to TRIAC. 
2. Snubber for Light Inductive Loads. 


FIGURE 27. ALINE ISOLATED TEMPERATURE CONTROLLER FOR USE WITH INDUCTIVE OR RESISTIVE LOADS; THIS CONTROLLER 


DOES NOT INCLUDE ZERO-VOLTAGE SWITCHING. 
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FIGURE 28. ZERO-VOLTAGE SWITCH, ON/OFF CONTROLLER WITH PHOTOCOUPLER 
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Temperature Controllers 


Figure 29 shows a triac used in an of/off temperature controller 
configuration. The triac is turned on at zero-voltage whenever 
the voltage Vs exceeds the reference voltage Vp. The transfer 
characteristic of this system, shown in Figure 30A., indicates 
significant thermal overshoots and undershoots, a well known 
characteristic of such a system. The differential or hysteresis of 
this system, however, can be further increased, if desired, by 
the addition of positive feedback. 


FIGURE 29. CA3059 ON/OFF TEMP. CONTROLLER 


For precise temperature control applications, the proportional 
control technique with synchronous switching is employed. The 
transfer curve for this type of controller is shown in Figure 308. 
In this case, the duty cycle of the power supplied to the load is 
varied with the demand for heat required and the thermal time 
constant (inertia) of the system. For example, when the temper- 
ature setting is increased in an of/off type of controller, full 
power (100 percent duty cycle) is supplied to the system This 
effect results in significant temperature excursions because 
there is no anticipatory circuit to reduce the power gradually 
before the actual set temperature is achieved. However, in a 
proportional control technique, less power is supplied to the 
load (reduced duty cycle) as the error signal is reduced (sensed 
temperature approaches the set temperature). 
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FIGURE 30A. FIGURE 30B. 


FIGURE 30. TRANSFER CHARACTERISTICS OF A. ON/OFF 
AND B. PROPORTIONAL CONTROL SYSTEMS 


Before such a system is implemented, a time base is chosen 
so that the on time of the triac is varied within this time base. 


The ratio of the on-to-off time of the triac within this time 
interval depends on the thermal time constant of the system 
and the selected temperature setting. Figure 31 illustrates 
the principle of proportional control. For this operation, 
power is supplied to the load until the ramp voltage reaches 
a value greater than the DC control signal supplied to the 
opposite side of the differential amplifier. The triac then 
remains off for the remainder of the time base period. As a 
result, power is “proportioned” to the load in a direct relation 
to the heat demanded by the system. 


RAMP 


LEVEL 1 
LEVEL 2 
LEVEL 3 


DC BIAS SIGNAL 


TIME ———> 


FIGURE 31. PRINCIPLES OF PROPORTIONAL CONTROL 


For this application, a simple ramp generator can be realized 
with a minimum number of active and passive components. 
A ramp having good linearity is not required for proportional 
operation because of the nonlinearity of the thermal system 
and the closed loop type of control. In the circuit shown in 
Figure 32, the ramp voltage is generated when the capacitor 
C, charges through resistors Rp and R;. The time base of 
the ramp is determined by resistors Rp and R3, capacitor Co, 
and the breakover voltage of the Teccor HT-32 diac. 
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All Resistors 1/2 Watt Pin Connections Refer to 
Unless Otherwise Specified the CA3059 


FIGURE 32. RAMP GENERATOR 


When the voltage across C, reaches approximately 32V, the diac 
switches and tums on the 2N3904 transistor and 1N914 diodes. 
The capacitor C, then discharges through the collector-to-emitter 
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junction of the transistor. This discharge time is the retrace or fly- 
back time of the ramp. The circuit shown can generate ramp 
times ranging from 0.3 to 2.0 seconds through adjustment of Ro. 
For precise temperature regulation, the time base of the ramp 
should be shorter than the thermal time constant of the system, 
but long with respect to the period of the 60HZz line voltage. Fig- 
ure 33 shows a triac connected for the proportional mode. 


Figure 34(a) shows a dual output temperature controller that 
drives two triacs. When the voltage Vs developed across the 
temperature sensing network exceeds the reference voltage 
Vr, motor No. 1 turns on. When the voltage across the net- 
work drops below the reference voltage Vao, motor No. 2 turns 
on. Because the motors are inductive, the currents ly; lag the 


incoming line voltage. The motors, however, are switched by 
the triacs at zero current, as shown in Figure 34(b). 


The problem of driving inductive loads such as these motors 
by the narrow pulses generated by the zero-voltage switch is 
solved by use of the sensitive gate triac. The high sensitivity 
of this device (8mA maximum) and low latching current 
(approximately 9mA) permit synchronous operation of the 
temperature controller circuit. In Figure 34(a), it is apparent 
that, though the gate pulse Vg of triac Y, has elapsed, triac 
Y2 is switched on by the current through R,,;. The low latch- 
ing current of the sensitive gate triac results in dissipation of 
only 2W in R,;, as opposed to 10 to 20W when devices that 
have high latching currents are used. 


(a) 
FIGURE 34. DUAL OUTPUT, OVER-UNDER TEMPERATURE CONTROLLER (a) CIRCUIT, (b) VOLTAGE AND CURRENT WAVEFORMS 


(b) 
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Electric Heat Application 


For electric heating applications, the 40A triac and the zero- 
voltage switch constitute an optimum pair. Such a combina- 
tion provides synchronous switching and effectively replaces 
the heavy-duty contactors which easily degrade as a result 
of pitting and wear-out from the switching transients. The 
salient features of the 40A triac are as follows: 


1. 300A single surge capability (for operation at 60Hz). 

2. Atypical gate sensitivity of 20mA in the I(+) and IIl(+) modes. 
3. Low on state voltage of 1.5V maximum at 40A. 

4. Available Vprony equal to 600V. 


Figure 35 shows the circuit diagram of a synchronous 
switching heat staging controller that is used for electric 
heating systems. Loads as heavy as 5kW are switched 
sequentially at zero-voltage to eliminate RFI and prevent a 
dip in line voltage that would occur if the full 25kW were to be 
switched simultaneously. 


Transistor Q, and Q, are used as a constant current source 
to charge capacitor C in a linear manner. Transistor Q, acts 
as a buffer stage. When the thermostat is closed, a ramp 


THERMOSTAT OR 
MANUAL SWITCH 


All Resistors 1/2W, Unless Otherwise Specified. 


Transistors Q,, Q2 and Q, are Part of CA3096E 
Integrated Circuit N-P-N/P-N-P Transistor Array. 


voltage is provided at output E>. At approximately 3 second 
intervals, each 5kW heating element is switched onto the 
power system by its respective triac. When there is no fur- 
ther demand for heat, the thermostat opens, and capacitor C 
discharges through R1 and R2 to cause each triac to turn off 
in the reverse heating sequence. It should be noted that 
some half cycling occurs before the heating element is 
switched fully on. This condition can be attributed to the 
inherent dissymmetry of the triac and is further aggravated 
by the slow rising ramp voltage applied to one of the inputs. 
The timing diagram in Figure 36 shows the turn-on and turn- 
off sequence of the heating system being controlled. 


Seemingly, the basic method shown in Figure 35 could be 
modified to provide proportional control in which the number 
of heating elements switched into the system, under any 
given thermal load, would be a function of the BTU’s 
required by the system or the temperature differential 
between an indoor and outdoor sensor within the total sys- 
tem environment. That is, the closing of the thermostat 
would not switch in all the heating elements within a short 
time interval, which inevitable results in undesired tempera- 
ture excursions, but would switch in only the number of 
heating elements required to satisfy the actual heat load. 


FIGURE 35. SYNCHRONOUS SWITCHING HEAT STAGING CONTROLLER USING A SERIES OF ZERO-VOLTAGE SWITCHES 
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FIGURE 36. RAMP VOLTAGE WAVEFORM FOR THE HEAT 
STAGING CONTROLLER 


Oven/Broiler Control 


Zero-voltage switching is demonstrated in the oven control 
circuit shown in Figure 37. In this circuit, a sensor element is 
included in the oven to provide a closed loop system for 
accurate control of the oven temperature. 


As shown in Figure 37, the temperature of the oven can be 
adjusted by means of potentiometer R,, which acts, together 
with the sensor, as a voltage divider at terminal 13. The volt- 
age at terminal 13 is compared to the fixed bias at terminal 9 
which is set by internal resistors R4 and Rs. When the oven 
is cold and the resistance of the sensor is high, transistors 
Q, and Q, are off, a pulse of gate current is applied to the 
triac, and heat is applied to the oven. Conversely, as the 
desired temperature is reached, the bias at terminal 13 turns 
the triac off. The closed loop feature then cycles the oven 
element on and off to maintain the desired temperature to 
approximately +2°C of the set value. Also, as has been 
noted, external resistors between terminals 13 and 8, and 7 
and 8, can be used to vary this temperature and provide hys- 
teresis. In Figure 11, a circuit that provides approximately 10 
percent hysteresis is demonstrated. 


In addition to allowing the selection of a hysteresis value, the 
flexibility of the control circuit permits incorporation of other 
features. A PTC sensor is readily used by interchanging ter- 
minals 9 and 13 of the circuit shown in Figure 37 and 
substituting the PTC for the NTC sensor. In both cases, the 
sensor element is directly returned to the system ground or 
common, as is often desired. Terminal 9 can be connected 
by external resistors to provide for a variety of biasing, e.g., 
to match a lower resistance sensor for which the switching 
point voltage has been reduced to maintain the same sensor 
current. 


To accommodate the self-cleaning feature, external switch- 
ing, which enables both broiler and oven units to be 
paralleled, can easily be incorporated in the design. Of 
course, the potentiometer must be capable of a setting such 
that the sensor, which must be characterized for the high, 
self-clean temperature, can monitor and establish control of 
the high temperature, self-clean mode. The ease with which 
this self-clean mode can be added makes the overall solid 
state systems cost competitive with electromechanical sys- 
tems of comparable capability. In addition, the system 


incorporates solid-state reliability while being neater, more 
easily calibrated, and containing less costly system wiring. 


FIGURE 37. SCHEMATIC DIAGRAM OF BASIC OVEN CONTROL 
integral Cycle Temperature Controller (No half cycling) 


If a temperature controller which is completely devoid of half 
cycling and hysteresis is required, then the circuit shown in 
Figure 38 may be used. This type of circuit is essential for 
applications in which half cycling and the resultant DC com- 
ponent could cause overheating of a power transformer on 
the utility lines. 


In the integral cycle controller, when the temperature being 
controlled is low, the resistance of the thermistor is high, and 
an output signal at terminal 4 of zero volts is obtained. The 
SCR (Y;), therefore, is turned off. The triac (Y>) is then trig- 
gered directly from the line on positive cycles of the AC 
voltage. When Y> is triggered and supplies power to the load 
R,, capacitor C is charged to the peak of the input voltage. 
When the AC line swings negative, capacitor C discharges 
through the triac gate to trigger the triac on the negative half 
cycle. The diode-resistor-capacitor “slaving network” triggers 
the triac on negative half cycle to provide only integral cycles 
of AC power to the load. 


When the temperature being controlled reaches the desired 
value, as determined by the thermistor, then a positive volt- 
age level appears at terminal 4 of the zero-voltage switch. 
The SCR then starts to conduct at the beginning of the posi- 
tive input cycle to shunt the trigger current away from the 
gate of the triac. The triac is then turned off. The cycle 
repeats when the SCR is again turned OFF by the zero-volt- 
age switch. 


The circuit shown in Figure 39 is similar to the configuration 
in Figure 38 except that the protection circuit incorporated in 
the zero-voltage switch can be used. In this new circuit, the 
NTC sensor is connected between terminals 7 and 13, and 
transistor Qo inverts the signal output at terminal 4 to nullify 
the phase reversal introduced by the SCR (Y;). The internal 
power supply of the zero-voltage switch supplies bias current 
to transistor Qo. 
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Of course, the circuit shown in Figure 39 can readily be con- voltage to terminal 9 (with terminals 10 and 11 open), as 
verted to a true proportional integral cycle temperature previously discussed in this Note. 
controller simply by connection of a positive going ramp 


120 VAC HIGH TEMP 


¢ cw 


LOW TEMP 


NOTE: 
1. For proportional operation open terminals 10, 11 and 13, and connect positive ramp voltage to terminal 13. 
2. SCR selected for lq7 = 6MA maximum. 


FIGURE 38. INTEGRAL CYCLE TEMPERATURE CONTROLLER IN WHICH HALF CYCLING EFFECT IS ELIMINATED 


HIGH TEMP 
t cw 


NOTE: 
1. For proportional operation open terminals 9, 10 and 11, and connect positive ramp voltage to terminal 9. 
2. SCR selected for Igy = 6mMA maximum. 


FIGURE 39. CA3059 INTEGRAL CYCLE TEMPERATURE CONTROLLER THAT FEATURES A PROTECTION CIRCUIT AND NO HALF 
CYCLING EFFECT 
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Thermocouple Temperature Control 


Figure 40 shows the CA3080A operating as a preamplifier 
for the zero-voltage switch to form a zero-voltage switching 
circuit for use with thermocouple sensors. 


-" All Resistors 1/2W, 
= Unless Otherwise Specified 


FIGURE 40. THERMOCOUPLE TEMPERATURE CONTROL 
WITH ZERO-VOLTAGE SWITCHING 


Thermocouple Temperature Control with Zero-Voltage 
Load Switching 


Figure 41 shows the circuit diagram of a thermocouple tem- 
perature control system using zero-voltage load switching. It 
should be noted that one terminal of the thermocouple is 
connect to one leg of the supply line. Consequently, the ther- 
mocouple can be “ground referenced”, provided the 
appropriate leg of the AC line is maintained at ground. The 
comparator, A, (a CA3130), is powered from a 6.4V source 
of potential provided by the zero-voltage switch (ZVS) circuit 
(a CA3079). The ZVS, in turn, is powered off-line through a 
series dropping resistor Rg. Terminal 4 of the ZVS provides 
trigger pulses to the gate of the load switching triac in 
response to an appropriate control signal at terminal 9. 


Hysteresis = R3/R4 x 6.4V = 1K/5.1M x 6.4V = 1.25mV 


FIGURE 41. THERMOCOUPLE TEMPERATURE CONTROL 
WITH ZERO-VOLTAGE SWITCHING 


The CA3130 is an ideal choice for the type of comparator cir- 
cuit shown in Figure 41 because it can “compare” low 
voltages (such as those generated by a thermocouple) in the 
proximity of the negative supply rail. Adjustment of potenti- 


ometer R, drives the voltage divider network R3, R, so that 
reference voltages over the range of 0 to 20mV can be 
applied to noninverting terminal 3 of the comparator. When- 
ever the voltage developed by the thermocouple at terminal 
2 is more positive than the reference voltage applied at ter- 
minal 3, the comparator output is toggled so as to sink 
current from terminal 9 of the ZVS; gate pulses are then no 
longer applied to the triac. As shown in Figure 41, the circuit 
is provided with a control point “hysteresis” of 1.25mV. 


Nulling of the comparator is performed by means of the fol- 
lowing procedure: Set R, at the low end of its range and 
short the thermocouple output signal appropriately. If the 
triac is in the conductive mode under these conditions, 
adjust nulling potentiometer Rs to the point at which triac 
conduction is interrupted. On the other hand, if the triac is in 
the nonconductive mode under the conditions above, adjust 
Rs to the point at which triac conduction commences. The 
thermocouple output signal should then be unshorted, and 
R, can be set to the voltage threshold desired for control cir- 
cuit operation. 


Machine Control and Automation 


The earlier section on interfacing techniques indicated sev- 
eral techniques of controlling AC loads through a logic 
system. Many types of automatic equipment are not complex 
enough or large enough to justify the cost of a flexible logic 
system. A special circuit, designed only to meet the control 
requirements of a particular machine, may prove more eco- 
nomical. For example, consider the simple machine shown 
in Figure 42; for each revolution of the motor, the belt is 
advanced a prescribed distance, and the strip is then 
punched. The machine also has variable speed capability. 


LIGHT 
SOURCE PHOTOCELL 


ONE REVOLUTION OF 
MOTOR ADVANCES 
BELT ONE INDEX 
DISTANCE 


FIGURE 42. STEP-AND-PUNCH MACHINE 


The typical electromechanical control circuit for such a 
machine might consist of a mechanical cambank driven by a 
separate variable speed motor, a time delay relay, and a few 
logic and power relays. Assuming use of industrial grade 
controls, the control system could get quite costly and large. 
Of greater importance is the necessity to eliminate transients 
generated each time a relay or switch energizes and deener- 
gizes the solenoid and motor. Figure 43 shows such 
transients, which might not affect the operation of this 
machine, but could affect the more sensitive solid-state 
equipment operating in the area. 
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RANDOM LENGTH 
TURN-OFF OF ARC 


FIGURE 43. TRANSIENTS GENERATED BY RELAY CONTACT 
BOUNCE AND NONZERO TURN OFF OF INDUC- 
TIVE LOAD. 


A more desirable system would use triacs and zero-voltage 
switching to incorporate the following advantages: 


1. Increased reliability and long life innerent in solid-state de- 
vices as opposed to moving parts and contacts associated 
with relays. 


2. Minimized generation of EMI/RFI using zero-voltage 
switching techniques in conjunction with thyristors. 


3. Elimination of high voltage transients generated by relay 
contact bounce and contacts breaking inductive loads, as 
shown in Figure 42. 


4. Compactness of the control system. 


The entire control system could be on one printed circuit 
board, and an overall cost advantage would be achieved. 
Figure 44 is a timing diagram for the proposed solid-state 
machine control, and Figure 45 is the corresponding control 
schematic. A variable speed machine repetition rate pulse is 
set up using either a unijunction oscillator or a transistor a 
stable multivibrator in conjunction with a 10ms one shot mul- 
tivibrator. The first zero voltage switch in Figure 45 is used to 
synchronize the entire system to zero-voltage crossing. Its 
output is inverted to simplify adaptation to the rest of the cir- 
Cuit. The center zero-voltage switch is used as an interface 
for the photocell, to control one revolution of the motor. The 
gate drive to the motor triac is continuous DC, starting at 
zero voltage crossing. The motor is initiated when both the 
machine rate pulse and the zero-voltage sync are at low volt- 
age. The bottom zero-voltage switch acts as a time delay for 
pulsing the solenoid. The inhibit input, terminal 1, is used to 
assure that the solenoid will not be operated while the motor 
is running. The time delay can be adjusted by varying the 
reference level (SOK potentiometer) at terminal 13 relative to 
the capacitor charging to that level on terminal 9. The capac- 
itor is reset by the SCR during the motor operation. The gate 
drive to the solenoid triac is direct current. Direct current is 
used to trigger both the motor and solenoid triacs because it 
is the most desirable means of switching a triac into an 
inductive load. The output of the zero-voltage switch will be 
continuous DC by connecting terminal 12 to common. The 
output under DC operation should be limited to 20mA. The 
motor triac is synchronized to zero crossing because it is a 
high current inductive load and there is a change of generat- 
ing RFI. The solenoid is a very low current inductive load, so 


there would be little chance of generating RFI; therefore, the 
initial triac turn-on can be random which simplifies the cir- 
cuitry. 


VLLLLLLLLL 


FIGURE 44. TIMING DIAGRAM FOR SOLID-STATE MACHINE 
CONTROL 
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FIGURE 45. SCHEMATIC OF PROPOSED SOLID-STATE MA- 
CHINE CONTROL 


This example shows the versatility and advantages of the 
Harris zero-voltage switch used in conjunction with triacs as 
interfacing and control elements for machine control. 


400Hz Triac Applications 


The increased complexity of aircraft control systems, and the 
need for greater reliability than electromechanical switching 
can offer, has led to the use of solid-state power switching in 
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aircraft. Because 400Hz power is used almost universally in 
aircraft systems, Harris offers a complete line of triacs rated 
for 400Hz applications. Use of the Harris zero-voltage switch 
in conjunction with these 400Hz triacs results in a minimum 
of RFI, which is especially important in aircraft. 


Areas of application for 400Hz triacs in aircraft include: 


1. Heater controls for food warming ovens and windshield 
defrosters 


2. Lighting controls for instrument panels and cabin illumination 
3. Motor controls and solenoid controls 
4. Power supply switches 


Lamp dimming is a simple triac application that demonstrates 
an advantage of 400Hz power over 60Hz power. Figure 46 
shows the adjustment of lamp intensity by phase control of the 
60Hz line voltage. RFI is generated by the step functions of 
power each half cycle, requiring extensive filtering. Figure 47 
shows a means of controlling power to the lamp by the zero- 
voltage switching technique. Use of 400Hz power makes possi- 
ble the elimination of complete or half cycles within a period 
(typically 17.5ms) without noticeable flicker. Fourteen different 
levels of lamp intensity can be obtained in this manner. A line 
synced ramp is set up with the desired period and applied to 
terminal No. 9 of the differential amplifier within the zero-voltage 
Switch, as shown in Figure 48. The other side of the differential 
amplifier (terminal No. 13) uses a variable reference level, set 
by the 50K potentiometer. A change of the potentiometer set- 
ting changes the lamp intensity. 


60Hz LINE 
VOLTAGE , 
—<— 16.67ms ——_—_> 


LAMP | 
OUTPUT 


FIGURE 46. WAVEFORMS FOR 60Hz PHASE CONTROLLED 
LAMP DIMMER 


400Hz LINE 


IE A 8 PRP RAR A ALS 


FIGURE 47. WAVEFORMS FOR 400Hz ZERO-VOLTAGE 
SWITCHED LAMP DIMMER 


In 400Hz applications it may be necessary to widen and shift 
the zero-voltage switch output pulse (which is typically 12ms 
wide and centered on zero-voltage crossing), to assure that 
sufficient latching current is available. The 4K resistor (terminal 


No. 12 to common) and the 0.015yF capacitor (terminal No. 5 
to common) are used for this adjustment. 


FIGURE 48. CIRCUIT DIAGRAM FOR 400Hz ZERO-VOLTAGE 
SWITCHED LAMP DIMMER 


Solid-State Traffic Flasher 


Another application which illustrates the versatility of the zero- 
voltage switch, when used with Harris thyristors, involves 
Switching traffic control lamps. In this type of application, it is 
essential that a triac withstand a current surge of the lamp load 
on a continuous basis. This surge results from the difference 
between the cold and hot resistance of the tungsten filament. If 
it is assumed that triac turn-on is at 90 degrees from the zero- 
voltage crossing, the first current surge peak is approximately 
ten times the peak steady state rms value. 


When the triac randomly switches the lamp, the rate of current 
rise di/dt is limited only by the source inductance. The triac di/dt 
rating may be exceeded in some power systems. In many 
cases, exceeding the rating results in excessive current con- 
centrations in a small area of the device which may produce a 
hot spot and lead to device failure. Critical applications of this 
nature require adequate drive to the triac gate for fast turn on. 
In this case, some inductance may be required in the load cir- 
Cuit to reduce the initial magnitude of the load current when the 
triac is passing through the active region. Another method may 
be used which involves the switching of the triac at zero line 
voltage. This method involves the supply of pulses to the triac 
gate only during the presence of zero voltage on the AC line. 


Figure 49 shows a circuit in which the lamp loads are switched 
at zero line voltage. This approach reduces the initial di/dt, 
decreases the required triac surge current ratings, increases 
the operating lamp life, and eliminates RFI problems. This cir- 
Cuit consists of two triacs, a flip-flop (FF-1), the zero-voltage 
switch, and a diac pulse generator. The flashing rate in this cir- 
Cuit is controlled by potentiometer R, which provides between 
10 and 120 flashes per minute. The state of FF-1 determines 
the triggering of triacs Y, or Y> by the output pulses at terminal 
4 generated by the zero crossing circuit. Transistors Q, and Q, 
inhibit these pulses to the gates of the triacs until the triacs turn 
on by the logical “1” (Voc high) state of the flip-flop. 
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FIGURE 49. SYNCHRONOUS SWITCHING TRAFFIC FLASHER 


The arrangement describe can also be used for a synchro- 
nous, sequential traffic controller system by addition of one 
triac, one gating transistor, a “divide-by-three” logic circuit, 
and modification in the design of the diac pulse generator. 
Such a system can control the familiar red, amber, and 
green traffic signals that are found at many intersections. 


FIGURE 50. SYNCHRONOUS LIGHT FLASHER 


Synchronous Light Flasher 


Figure 50 shows a simplified version of the synchronous 
switching traffic light flasher shown in Figure 49. Flash rate is 
set by use of the curve shown in Figure 16. If a more precise 
flash rate is required, the ramp generator described 


previously may be used. In this circuit, ZVS, is the master 
control unit and ZVS, is slaved to the output of ZVS, through 
its inhibit terminal (terminal 1). When power is applied to 
lamp No. 1, the voltage of terminal 6 on ZVS, is high and 
ZVSz is inhibited by the current in Ry. When lamp No. 1 is 
off, ZVSz is not inhibited, and triac Y. can fire. The power 
supplies operate in parallel. The on/off sensing amplifier in 
ZVSz_ is not used. 


Transient Free Switch Controllers 


The zero-voltage switch can be used as a simple solid-state 
switching device that permits AC currents to be turned on or 
off with a minimum of electrical transients and circuit noise. 


The circuit shown in Figure 51 is connected so that, after the 
control terminal 14 is opened, the electronic logic waits until 
the power line voltage reaches a zero crossing before power 
is applied to the load Z,. Conversely, when the control termi- 
nals are shorted, the load current continues until it reaches a 
zero crossing. This circuit can switch a load at zero current 
whether it is resistive or inductive. 


The circuit shown in Figure 52 is connected to provide the 
opposite control logic to that of the circuit shown in Figure 
51. That is, when the switch is closed, power is supplied to 
the load, and when the switch is opened, power is removed 
from the load. 


In both configurations, the maximum rms load current that 
can be switched depends on the rating of triac Yo. 
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FIGURE 51. ZERO-VOLTAGE SWITCH TRANSIENT FREE SWITCH CONTROLLER IN WHICH POWER IS SUPPLIED TO THE LOAD 
WHEN THE SWITCH IS OPEN 
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1. If Yo, For Example, is a 40A TRIAC, then R, must be Decreased to Supply Sufficient Igy for Yo. 


FIGURE 52. ZERO-VOLTAGE SWITCH TRANSIENT FREE SWITCH CONTROLLER IN WHICH POWER IS APPLIED TO THE LOAD 
WHEN THE SWITCH IS CLOSED 
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Differential Comparator for Industrial Use 


Differential comparators have found widespread use as limit 
detectors which compare two analog input signals and 
provide a go/no-go, logic “one” or logic “zero” output, 
depending upon the relative magnitudes of these signals. 
Because the signals are often at very low voltage levels and 
very accurate discrimination is normally required between 
them, differential comparators in many cases employ 
differential amplifiers as a basic building block. However, in 
many industrial contro! applications, a high performance 
differential comparator is not required. That is, high 
resolution, fast switching speed, and similar features are not 
essential. The zero-voltage switch is ideally suited for use in 
such applications. Connection of terminal 12 to terminal 7 
inhibits the zero-voltage threshold detector of the zero- 
voltage switch, and the circuit becomes a_ differential 
comparator. 


Figure 53 shows the circuit arrangement for use of the zero- 
voltage switch as a differential comparator. In_ this 
application, no external DC supply is required, as is the case 
with most commercially available integrated circuit 
comparators; of course, the output current capability of the 
zero-voltage switch is reduced because the circuit is 
operating in the DC mode. The 1000Q resistor Re, 
connected between terminal 4 and the gate of the triac, 
limits the output current to approximately 3mA. 


120VAC 
60Hz 


ANY POWER 
FACTOR Z, 


FIGURE 53. DIFFERENTIAL COMPARATOR USING THE 
CA3059 INTEGRATED CIRCUIT ZERO-VOLTAGE 
SWITCH 


When the zero-voltage switch is connected in the DC mode, 
the drive current for terminal 4 can be determined from a 
curve of the external load current as a function of DC voltage 
from terminals 2 and 7. Of course, if additional output current 
is required, an external DC supply may be connected 
between terminals 2 and 7, and resistor Ry (Shown in Figure 
53) may be removed. 


The chart below compares some of the operating 
characteristics of the zero-voltage switch, when used as a 
comparator, with a typical high performance commercially 
available integrated circuit differential comparator. 


TYP. INTEGRATED 
CIRCUIT 
COMPARATOR (710) 


ZERO-VOLTAGE 
SWITCH 


PARAMETERS (TYP. VALUE) 


= 


Switching Speed 
(Rise Time) 


Output Drive 
Capability 


4.5V at <4mA 3.2V at <5.0mMA 
(Note 1) 


1. Refer to Figure 20; Rx equals 50002. 


Power One Shot Control 


Figure 54 shows a circuit which triggers a triac for one com- 
plete half cycle of either the positive or negative alternation 
of the AC line voltage. In this circuit, triggering is initiated by 
the push button PB-1, which produces triggering of the triac 
near zero voltage even though the button is randomly 
depressed during the AC cycle. The triac does not trigger 
again until the button is released and again depressed. This 
type of logic is required for the solenoid drive of electrically 
operated stapling guns, impulse hammers, and the like, 
where load current flow is required for only one complete 
half cycle. Such logic can also be adapted to keyboard con- 
soles in which contact bounce produces transmission of 
erroneous information. 


In the circuit of Figure 54, before the button is depressed, 
both flip-flop outputs are in the “zero” state. Transistor Qg is 
biased on by the output of flip-flop FF-1. The differential 
comparator which is part of the zero-voltage switch is initially 
biased to inhibit output pulses. When the push button is 
depressed, pulses are generated, but the state of Q, 
determines the requirement for their supply to the triac gate. 
The first pulse generated serves as a “framing pulse” and 
does not trigger the triac but toggles FF-1. Transistor Qe is 
then turned off. The second pulse triggers the triac and FF-1 
which, in turn, toggles the second flip-flop FF-2. The output 
of FF-2 turns on transistor Q7, as shown in Figure 55, which 
inhibits any further output pulses. When the push-button is 
released, the circuit resets itself until the process is repeated 
with the button. Figure 56 shows the timing diagram for the 
described operating sequence. 
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FIGURE 55. CIRCUIT DIAGRAM FOR THE POWER ONE SHOT CONTROL SHOWING CA3059 WITH PERIPHERAL COMPONENTS 
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FIGURE 57. PHASE CONTROL CIRCUIT USING A CA3059 AND TWO CA3086 INTEGRATED CIRCUITS 
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Phase Control Circuit 


Figure 57 shows a Circuit using a CA3059 zero-voltage 
switch together with two CA3086 integrated circuit arrays to 
form a phase control circuit. This circuit is specifically 
designed for speed control of AC induction motors, but may 
also be used as a light dimmer. The circuit, which can be 
operated from a line frequency of 50Hz to 400Hz, consists of 
a zero-voltage detector, a line synchronized ramp generator, 
a zero current detector, and a line derived control circuit (i.e., 
the zero-voltage switch). The zero-voltage detector (part of 
CA3086 No. 1) and the ramp generator (CA3086 No. 2) pro- 
vide a line synchronized ramp voltage output to terminal 13 
of the zero-voltage switch. The ramp voltage, which has a 
starting voltage of 1.8V, starts to rise after the line voltage 
passes the zero point. The ramp generator has an oscillation 
frequency of twice the incoming line frequency. The slope of 
the ramp voltage can be adjusted by variation of the resis- 
tance of the 1MQ ramp control potentiometer. The output 
phase can be controlled easily to provide 180° firing of the 
triac by programming the voltage at terminal 9 of the zero- 
voltage switch. The basic operation of the zero-voltage 
switch driving a thyristor with an inductive load was 
explained previously in the discussion on switching of induc- 
tive loads. 


On/Off Touch Switch 


The orvoff touch switch shown in Figure 58 uses the CA3240E 
to sense small currents flowing between two contact points on 
a touch plate consisting of a PC board metallization “grid”. 
When the on plate is touched, current flows between the two 
halves of the grid, causing a positive shift in the output voltage 
(terminal 7) of the CA3240E. These positive transitions are fed 
into the CA3059, which is used as a latching circuit and zero 
crossing triac driver. When a positive pulse occurs at terminal 
No. 7 of the CA3240E, the triac is turned on and held on by the 
CA3059 and associated positive feedback circuitry (51kQ resis- 


ON TOUCH 44M 
PLATE ono 
1M (3) 
© C 
0.01 pF 


tor and 36k2/42kQ voltage divider). When the pulse occurs at 
terminal No. 1, the triac is turned off and held off in a similar 
manner. Note that power for the CA3240E is derived from the 
CA3059 internal power supply. The advantage of using the 
CA3240E in this circuit is that it can sense the small currents 
associated with skin conduction while maintaining sufficiently 
high circuit impedance to protect against electrical shock. 


Triac Power Controls for Three 
Phase Systems 


This section describes recommended configurations for 
power control circuits intended for use with both inductive 
and resistive balanced three phase loads. The specific 
design requirements for each type of loading condition are 
discussed. 


In the power control circuits described, the integrated circuit 
zero-voltage switch is used as the trigger circuit for the 
power triacs. The following conditions are also imposed in 
the design of the triac control circuits: 


1. The load should be connected in a three wire configuration 
with the triacs placed external to the load; either delta or 
wye arrangements may be used. Four wire loads in wye 
configurations can be handled as three independent sin- 
gle phase systems. Delta configurations in which a triac is 
connected within each phase rather than in the incoming 
lines can also be handled as three independent single 
phase systems. 


2. Only one logic command signal is available for the control 
circuits. This signal must be electrically isolated from the 
three phase power system. : 


3. Three separate triac gating signals are required. 


4. For operation with resistive loads, the zero-voltage switch- 
ing technique should be used to minimize any radio fre- 
quency interference (RFI) that may be generated. 


FIGURE 58. ON/OFF TOUCH SWITCH 
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isolation of DC Logic Circuitry 


As explained earlier under Special Application Consider- 
ations, isolation of the DC logic circuitry* from the AC line, 
the triac, and the load circuit is often desirable even in many 
single phase power control applications. In control circuits for 
polyphase power systems, however, this type of isolation is 
essential, because the common point of the DC logic cir- 
cuitry cannot be referenced to a common line in all phases. 


* The DC logic circuitry provides the low level electrical signal that 
dictates the state of the load. For temperature controls, the DC log- 
ic circuitry includes a temperature sensor for feedback. The Harris 
integrated circuit zero-voltage switch, when operated in the DC 
mode with some additional circuitry, can replace the DC logic cir- 
cuitry for temperature controls. 

In the three phase circuits described in this section, photo optic 

techniques (i.e., photo coupled isolators) are used to provide 

the electrical isolation of the DC logic command signal from the 

AC circuits and the load. The photo coupled isolators consist of 

an infrared light emitting diode aimed at a silicon photo transis- 

tor, coupled in a common package. The light emitting diode is 
the input section, and the photo transistor is the output section. 

The two components provide a voltage isolation typically of 

1500V. Other isolation techniques, such as pulse transformers, 

magnetoresistors, or reed relays, can also be used with some 
circuit modifications. 


Resistive Loads 


Figure 59 illustrates the basic phase relationships of a bal- 
anced three phase resistive load, such as may be used in 
heater applications, in which the application of load power is 
controlled by zero-voltage switching. The following condi- 
tions are inherent in this type of application: 


1. The phases are 120 degrees apart; consequently, all three 
phases cannot be switched on simultaneously at zero voltage. 


SINGLE PHASE START-UP 
(ZERO-VOLTAGE) 


FIGURE A. 


2. A single phase of a wye configuration type of three wire 
system cannot be turned on. 


3. Two phases must be turned on for initial starting of the 
system. These two phases form a single phase circuit 
which is out of phase with both of its component phases. 
The single phase circuit leads on phase by 30 degrees 
and lags the other phase by 30 degrees. 


These conditions indicate that in order to maintain a system 
in which no appreciable RFI is generated by the switching 
action from initial starting through the steady state operating 
condition, the system must first be turned on, by zero-volt- 
age switching, as a single phase circuit and then must revert 
to synchronous three phase operation. 


Figure 60 shows a simplified circuit configuration of a three 
phase heater control that employs zero-voltage synchronous 
switching in the steady state operating condition, with ran- 
dom starting. In this system, the logic command to turn on 
the system is given when heat is required, and the command 
to turn off the system is given when heat is not required. 
Time proportioning heat control is also possible through the 
use of logic commands. 


The three photo coupled inputs to the three zero-voltage 
switches change state simultaneously in response to a “logic 
command”. The zero-voltage switches then provide a 
positive pulse, approximately 100ys in duration, only at a 
zero-voltage crossing relative to their particular phase. A 
balanced three phase sensing circuit is set up with the three 
zero-voltage switches each connected to a particular phase 
on their common side (terminal 7) and referenced at their 
high side (terminal 5), through the current limiting resistors 
Ry, Rs, and Re, to an established artificial neutral point. This 
artificial neutral point is electrically equivalent to the 
inaccessible neutral point of the wye type of three wire load 


PHASE 
ROTATION 


FIGURE B. 


NOTE: The dashed lines indicate the normal relationship of the phases under steady state conditions. The deviation at start up and turn off 


should be noted. 


FIGURE 59. VOLTAGE PHASE RELATIONSHIP FOR A THREE PHASE RESISTIVE LOAD WHEN THE APPLICATION OF LOAD POW- 
ER IS CONTROLLED BY ZERO-VOLTAGE SWITCHING: A. VOLTAGE WAVEFORMS, B. LOAD CIRCUIT ORIENTATION 


OF VOLTAGES. 


11-90 


Application Note 6182 


PHOTO-COUPLED 
ISOLATORS 


3 (SEE FIGURE 62) INPUT 
preceemna taeteerntiny, 


3 PHASE 
RESISTIVE LOAD 
(DELTA OR WYE) 


FIGURE 60. SIMPLIFIED DIAGRAM OF A THREE PHASE HEATER CONTROL THAT EMPLOYS ZERO-VOLTAGE SYNCHRONOUS 
SWITCHING IN THE STEADY STATE OPERATING CONDITIONS 


and, therefore, is used to establish the desired phase 
relationships. The same artificial neutral point is also used to 
establish the proper phase relationships for a delta type of 
three wire load. Because only one triac is pulsed on at a 
time, the diodes (D,, Dz, and D3) are necessary to trigger 
the opposite polarity triac, and, in this way, to assure initial 
latching on of the system. The three resistors (Rj, Ro, and 
R3) are used for current limiting of the gate drive when the 
opposite polarity triac is triggered on by the line voltage. 


In critical applications that require suppression of all 
generated RFI, the circuit shown in Figure 61 may be used. 
In addition to synchronous steady state operating conditions, 
this circuit also incorporates a zero-voltage starting circuit. 
The start up condition is zero-voltage synchronized to a 
single phase, 2 wire, line-to-line circuit, comprised of phases 
A and B. The logic command engages the single phase start 
up zero-voltage switch and three phase photo coupled 
isolators OC 1-3, OC 1-4, OC 1-5 through the photo coupled 
isolators OC 1-1 and OC1-2. The single phase zero-voltage 
switch, which is synchronized to phases A and B, starts the 
system at zero voltage. As soon as start up is accomplished, 
the three photo coupled isolators OC 1-3, OC 1-4, and OC 1-5 
take control, and three phase synchronization begins. When 
the “logic command” is turned off, all control is ended, and 
the triacs automatically turn off when the sine wave current 
decreases to zero. Once the first phase turns off, the other 
two will turn off simultaneously, 90° later, as a single phase 
line-to-line circuit, as is apparent from Figure 59. 


inductive Loads 


For inductive loads, zero-voltage turn on is not generally required 
because the inductive current cannot increase instantaneously; 
therefore, the amount of RFI generated is usually negligible. Also, 
because of the lagging nature of the inductive current, the triacs 
cannot be pulse fired at zero voltage. There are several ways in 
which the zero-voltage switch may be interfaced to a triac for 
inductive load applications. The most direct approach is to use the 
zero-voltage switch in the DC mode, i.e., to provide a continuous 
DC output instead of pulses at points of zero-voltage crossing. 
This mode of operation is accomplished by connection of terminal 
12 to terminal 7, as shown in Figure 62. The output of the zero- 
voltage switch should also be limited to approximately 5mA in the 
DC mode by the 750 series resistor. Use of a sensitive gate triac 
is recommended for this application. Terminal 3 is connected to 
terminal 2 to limit the steady state power dissipation within the 
zero-voltage switch. For most three phase inductive load applica- 
tions, the current handling capability of the 2.5A triac is not suffi- 
cient. Therefore, a higher current sensitive gate triac is used as a 
trigger triac to turn on any other currently available power triac that 
may be used. The trigger triac is used only to provide trigger 
pulses to the gate of the power triac (one pulse per half cycle); the 
power dissipation in this device, therefore, will be minimal. 


Simplified circuits using pulse transformers and reed relays 
will also work quite satisfactorily in this type of application. 
The RC networks across the three power triacs are used for 
suppression of the commutating dv/dt when the circuit oper- 
ates into inductive loads. 
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3 (SEE FIGURE 62) INPUT 


FIGURE 61. THREE PHASE POWER CONTROL THAT EMPLOYS ZERO-VOLTAGE SYNCHRONOUS SWITCHING BOTH FOR 
STEADY STATE OPERATION AND FOR STARTING 
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FIGURE 62. TRIAC THREE PHASE CONTROL CIRCUIT FOR AN INDUCTIVE LOAD, i.e., THREE PHASE MOTOR 
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APPLICATION OF THE CA1524 SERIES 
PULSE-WIDTH MODULATOR ICs 


Author: Carmine Salerno 


This application note reviews pulse-width modulated (PWM) 
Circuits, and the CA1524 series of pulse-width modulator ICs 
particularly intended for this type of application. It also 
includes descriptions of basic switching-regulator circuits, 
the generic CA1524 Series IC, its use in a variable switched 
power supply application, together with a variety of its 
unique circuit applications. 


The CA1524, CA2524, and CA3524 Series, a family of 
integrated circuits containing a pulse-width modulator and 
related control circuits, are particularly applicable to switching 
regulators, flyback converters, dc-to-de converters and the like. 
These ICs operate with a power supply in the 8V to 40V range 
for use in both low and high power regulators. The CA1524 
series ICs contain the following circuit functions: 5V tempera- 
ture compensated zener reference, precision RC oscillator, 
transconductance error amplifier, current-limiting amplifier, con- 
trol comparator, shutdown circuit, and dual output transistor 
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a) FUNCTIONAL BLOCK DIAGRAM 
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FIGURE 1. CA1524 SERIES Ks 


switches. The circuit's functions make these devices attractive 
for a wide variety of other applications; e.g., low frequency 
pulse generators, automotive temperature voltage regulators, 
battery chargers, electronic bathroom scales, etc. 


The CA1524 family of ICs is supplied in 16 lead plastic and 
ceramic (frit) packages, and is also available in chip form. 
Data on these types are found in the datasheet file number 
1239. 


CA1524 Series IC Features 


The CA1524 PWM on-chip functions shown in the functional 
block diagram of Figure 1 include an error amplifier, a 
comparator, an oscillator, a flip-flop, and a voltage regulator. 
The error amplifier senses the difference between the actual 
and the desired regulator output and applies this signal to the 
comparator’s positive input. The output of this stage is in turn a 
function of the error signal and the oscillators ramp voltage. 


TOP VIEW 
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b) TERMINAL CONNECTION DIAGRAM 
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The oscillator’s output pulses alternately trigger the flip-flop, 
whose output ultimately provides the circuits push-pull drive 
signal via the NOR-gates and the output transistors. The 
other NOR-gate inputs control the duration of the output 
pulses. Depending upon the oscillator’s output level (high or 
low) and the comparator’s high or low status, the “on” duty- 
cycle of the NOR gate can vary from 0 to 45 percent. It 
should be noted, that the NOR gates are on alternately. 
Thus, by connecting the output transistors in parallel, an 
effective on time of O% to 90% and a wide voltage regulation 
range can be attained. 


Comparative Operating Efficiencies in Series-Pass and 
PWM Types of Voltage Regulators 


The series-pass circuit is a classical means of implementing 
the voltage regulator function; its simple and easy to design, 
but comparatively inefficient when required to operate over a 
range of supply voltages and output currents. The need to 
improve operational efficiency, in recent years, has been one 
of the major factors motivating engineers to use the PWM 
type of voltage regulator despite its greater circuit 
complexity. 


Figure 2 shows the high operating efficiency of the PWM 
type of voltage regulator design e.g., using CA1524 and 
compares it with that of a conventional linear series-pass 
circuit. In a series-pass type of regulated power supply, the 
pass transistor is biased in the linear region, to permit good 
line and load regulation and dynamic response, but at a 
sacrifice in efficiency. This loss in efficiency occurs as a 
result of the power dissipated in the pass transistor, i.e., the 
product of the voltage drop and the current flowing through 
it. In a series-pass regulator, the output current is about 
equal to the input current, therefore, the overall efficiency = 
the ratio Vo/Vin. 


It is, therefore, apparent that the input/output voltage 
differential must be kept at a minimum if high efficiency is to 
be achieved. Dissipation in the pass device is (Vij - Vpp) 
Ipass, (Vin - Vo) is typically 2V to 3V. There are additional 
small operating losses in the IC itself. By way of contrast, the 
pass transistor for a switching-regulator control circuit is 
driven between two states, “on” and “off”, and since the 
linear region is not used, loss is essentially limited to the 
product of the saturation voltage and the current flowing 
through the pass transistor during its on state. There is a 
small additional loss that occurs during the on/off transitions. 


Additional losses in the switching regulator include diode- 
voltage losses, inductor-transformer core losses, and copper 
losses. The overall efficiency is essentially independent of 
input voltage or input current. A worst case theoretical value 
of the AC switching and DC transistor losses approaches a 
value equal to Vo/(Vo + 2V) (assuming a diode Ver and 
transistor Vog(s) of 1V each). Therefore, a minimum input 
voltage of Vo + 2V is needed to operate a switching 
regulator. 


Circuit Description 


The CA1524, CA2524, and CA3524 monolithic integrated 
circuits are designed to provide all of the control circuitry 
necessary for a broad range of switching regulator 


applications. On-chip functional blocks, shown in Figure 1, 
include a zener voltage reference, transconductance error 
amplifier, precision RC oscillator, pulse width modulator, 
pulse steering flip-flop, dual alternating output switches, and 
current limiting and shutdown circuitry. A complete 
schematic is shown in Figure 4 
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FIGURE 2. EFFICIENCY CURVES FORLINEAR (SERIES-PASS) 
REGULATOR AND PULSE-WIDTH MODULATED 
SWITCHING REGULATOR (PWM) 


Voltage Reference Section 


The CA1524 Series devices contain an internal series 
voltage regulator employing a zener reference to provide a 
nominal 5 volts output, which is used to bias all internal 
timing and control circuitry. The output of this regulator is 
available at terminal 16 and is capable of supplying up to 
50mA output current. For higher currents, the circuit of 
Figure 3 may be used with an external p-n-p transistor and 
bias resistor. The internal regulator may be bypassed for 
operation from a fixed 5V supply by connecting both terminal 
15 and 16 to the input voltage, which must not exceed 6V. 
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Figure 5 shows the temperature variation of the reference 
voltage with supply voltages of 8V to 40V and load currents 
up to 20mA. Load regulation and line regulation curves are 
shown in Figures 6 and 7, respectively. 


SEeeEe P| Ve = 40V, I = OmA 
= Se V+ = 20V, I, = OmA 
@ 5.00 eee V+ = 40V, I = 20mA 
3 Rss! am — . 

SA + = 20V, |, = 20m 
Q AgaT | V+ = BV, |, = 20mA 
2 4.98 ALS ih 
ear 
f itt tit 
“PPP Pree 


60 -40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE (°C) 


FIGURE 5. TYPICAL REFERENCE VOLTAGE AS A FUNCTION 
OF AMBIENT TEMPERATURE 
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FIGURE 7. TYPICAL REFERENCE VOLTAGE AS A FUNCTION 
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Oscillator Section 


Transistors Q42, Q43 and Q44, in conjunction with an exter- 
nal resistor Ry, establishes a constant charging current into 
an external capacitor Cy to provide a linear ramp voltage at 
terminal 7. The ramp voltage has value that ranges from 0.6 
to 3.5V and is used as the reference for the comparator in 
the device. The charging current is equal to (5-2Vg_)/Ry or 
approximately 3.6/Ry and should be kept within the range of 
30uA to 2mA by varying Ry. The discharge time of Cr 
determines the pulse width of the oscillator output pulse at 
terminal 3. This pulse has a practical range of 0.5ys to 5s 
for a capacitor range of 0.001 to 0.1pF. The pulse has two 
internal uses: as a dead-time control or blanking pulse to 
the output stages to assure that both outputs cannot be on 
simultaneously and as a trigger pulse to the internal flip-flop 
which alternately enables the output transistors. The output 
dead-time relationship is shown in Figure 8, a curve which is 
useful when a value of dead time for a particular switching 
transistor has to be established. A larger value of dead time 
will assure that both output transistors in push-pull, bridge, 
or forward converter configurations will not conduct 
simultaneously. 
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FIGURE 8. TYPICAL OUTPUT STAGE DEAD TIME AS A 
FUNCTION OF TIMING CAPACITOR VALUE 


If a small value of C; must be used, the pulse width can be 
further expanded by the addition of a shunt capacitor in the 
order of 100pF (but no greater then 1000pF), from terminal 3 
to ground. 


This shunt capacitor will expand the dead time from 0.5ys to 
5.0us when required. When the oscillator output pulse is 
used as a sync input to an oscilloscope, the cable and input 
Capacitances may increase the pulse width slightly. A 2kQ 
resistor at terminal 3 will usually provide sufficient 
decoupling of the cable. The upper limit of the pulse width is 
determined by the maximum duty cycle acceptable. To 
provide an expansion of the dead time without loading the 
oscillator, the circuit of Figure 9 may be used. 
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FIGURE 9. CIRCUIT FOR EXPANSION OF DEAD TIME 


This diode clamp will limit the output voltage of the error 
amplifier; it also limits the error amplifier’s source output 
current to about 200A. Curves for selecting the values of 
the oscillator resistor (Ry) and the oscillator capacitor (Cy), 
as a function of oscillator period (t), are shown in Figure 10. 


The oscillator period is determined by Ry and Cy, with an 
approximate value of t = R7C7, where R; is in ohms, Cr is in 
uF, and t is in ps. Excess lead lengths, which product stray 
capacitances, should be avoided in connecting Ry and Cy to 
their respective terminals. 


TIMING RESISTANCE, Ry (Q) 


OSCILLATOR PERIOD, t (1s) 


FIGURE 10. TYPICAL OSCILLATOR PERIOD AS A FUNCTION 
OF R; AND C; 


For example, to obtain an oscillator period (t), select 
C, = 0.1nF and Ry = 10kQ. Based on these values the 
output dead time is 0.7ps. For series regulator applica- 
tions, the two outputs can be connected in parallel to 
provide an effective 0% - 90% duty cycle with the 
output stage frequency being equal to that of the 
oscillator. Since separate output terminals are 
provided, push-pull and flyback applications are 
possible. The flip-flop divides the frequency such that 
the duty cycle of each output is 0% - 45% and the 
overall frequency is half that of the oscillator. Curves of 
the output duty cycle as a function of the voltage at 
terminal 9 are shown in Figure 11. 
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FIGURE 11. TYPICAL DUTY CYCLE AS A FUNCTION OF 
COMPARATOR VOLTAGE (AT TERMINAL 9) 
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Error Amplifier Section 


The error amplifier consists of a differential pair (Q56, Q57) 
with an active load (Q61 and Q62) forming a differential 
transconductance amplifier. Since Q61 is driven by a 
constant current source, Q62, the output impedance Roy, 
terminal 9, is very high (= 5MQ). The gain is: 


Av = gmR = 8 ic R/2KT = 104, 
RoutRL 
Rout = Ar 


Since Royr is extremely high, the gain can be easily 
reduced from a nominal 10* (80dB) by the addition of an 
external shunt resistor from terminal 9 to ground as shown in 
Figure 12. The output amplifier terminal is also used to 
compensate the system for AC stability. The frequency 
response and phase shift curves are shown in Figure 12. 
The uncompensated amplifier has a single pole at approxi- 
mately 250Hz and a unity gain crossover at 3MHz. 


where R = Ry, = 00, Av = 10% 
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FIGURE 12. OPEN-LOOP ERROR AMPLIFIER RESPONSE 
CHARACTERISTICS 


Since most output filter designs introduce one or more 
additional poles at a lower frequency, the best network to 
stabilize the system is a series RC combination at terminal 9 
to ground. This network should be designed to introduce a 
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zero to cancel out one of the output filter poles. A good 
starting point to determine the external poles is a 1000pF 
capacitor and a variable series 50kQ potentiometer from 
terminal 9 to ground. The compensation point is also a 
convenient place to insert any programming signal to 
override the error amplifier. Internal shutdown and current 
limiting are also connected at terminal 9. Any external circuit 
that can sink 200yA can pull this point to ground and shut off 
both output drivers. 


While feedback is normally applied around the entire 
regulator, the error amplifier can be used with conventional 
operational amplifier feedback and will be stable in either the 
inverting or non-inverting mode. Input common-mode limits 
must be observed; if not, output signal inversion may result. 
The internal 5V reference can be used for conventional 
regulator applications if divided as shown in Figure 13. If the 
error amplifier is connected as a unity gain amplifier, a fixed 
duty cycle application results. 


VREF 


— Vo 25¥ Ss + R2) 
VREF RIR2 os oskw 
R1 + R2 
5K 


NEGATIVE 
OUTPUT 


GND Ro VOLTAGES 
FIGURE 13. ERROR AMPLIFIER BIASING CIRCUITS 
Current Limiting Section 


The current limiting section consists of two transistors (Q64, 
Q66) connected to the error amplifier output terminal. By 
matching the base-to-emitter voltages of Q64 and Q66 and 
assuming negligible voltage drop across R51: 


VTHRESHOLD = Vee(Q64) + 1(Q65)R53 - Veae(Q66) 
= |(Q65)R53 = 200mV 


Although this circuit provides a small threshold with a 
negligible temperature coefficient, some limitations to its use 
must be considered. The circuit has a 11 volt common mode 
range which requires sensing in the ground line. The other 
factor to consider is that the frequency compensation 
provided by R51, C3 and Q64 produces a roll-off pole at 
approximately 300Hz. 


Due to the low gain of this circuit, there is a transition region 
as the current limit amplifier takes over pulse width control 
from the error amplifier. For testing purposes, the threshold 
is defined as the input voltage to the current limiting amplifier 
to get 25% duty cycle with the error amplifier signaling 
maximum duty cycle. 


In addition to constant current limiting, terminal 4 and 5 may 
also be used in transformer coupled circuits to sense 
primary current and shorten an output pulse, should trans- 
former saturation occur (See Figure 37). Another application 
is to ground terminal 5 and use terminal 4 as an additional 
shutdown terminal: i.e. the output will be off with terminal 4 
open and on when it is grounded. Finally, foldback current 
limiting can be provided with the network of Figure 14. This 
circuit can reduce the short circuit current (Isc) to approxi- 
mately 1/3 the maximum available output current (Iyyax). 
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FIGURE 14. FOLDBACK CURRENT-LIMITING CIRCUIT USED 
TO REDUCE POWER DISSIPATION UNDER 
SHORTED OUTPUT CONDITIONS 


Output Section 


The CA1524 Series outputs are two identical n-p-n 
transistors with both collectors and emitters uncommitted. 
Each output transistor response for the wide range of 
oscillator frequencies. Current limiting of the output section 
is set at 100mA for each output and 100mA total if both 
outputs are paralleled. Having both emitters and collectors 
available provides the versatility to drive either n-p-n or p-n-p 
external transistors. Curves of the output saturation voltage 
as a function of temperature and output current are shown in 
Figures 15 and 16 respectively. 
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FIGURE 15. TYPICAL OUTPUT SATURATION VOLTAGE AS 
FUNCTION OF AMBIENT TEMPERATURE 


11-100 


Application Note 6915 


2.0 Sid/Se 
= V+ ——o% +Vo 
WwW 
: 15 V+>Vo 
5 
FE 1.0 
ec 
E V+ +Vo 
> 0.6 Sa/Sp V+<Vo 
weL EE EE eee 
0 20 40 60 80 100 V4 ——oC No 
OUTPUT CURRENT, I, (mA) 
FIGURE 16. TYPICAL OUTPUT SATURATION VOLTAGE AS A IV+l<IVol 


FUNCTION OF OUTPUT CURRENT 


There are a number of possible output configurations in the 
application of the CA1524 to voltage regulator circuits, they FIGURE18. SINGLE-ENDED INDUCTOR CIRCUITS WHERE THE 
fall into three basic classifications: TWO OUTPUTS ARE CONNECTED IN PARALLEL 


(i.e.; SA//SB) 
1. Capacitor diode coupled voltage multipliers 


2. Inductor capacitor single ended circuits 


Vv 
3. Transformer coupled circuits . e | 
Vo 
Examples of these configurations are shown in Figures 17, e 
ey 


18 and 19. In each case, the switches can be either the 
Output transistors in the CA1524 or added external 


transistors, depending on the load current requirements. 
FLYBACK 
Capacitor diode coupled voltage multipliers are particularly 


useful in those low-power applications where inductive 


components are undesirable. Although the efficiencies of Yo 
these voltage multipliers may not be as good as their 
inductive component counterparts, they are more efficient 
than the series-pass circuit. 
CAN BE S, OR 
Di S, CAN DRIVEQ1 
Qi 
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ee S, General Applications Considerations 


The CA1524, in addition to having all the control circuits for 
switching regulator applications, employs two output NPN 
transistors. These transistors are internally current limited 


FIGURE 19. TRANSFORMER-COUPLED OUTPUTS 


FIGURE 17. CAPACITOR-DIODE COUPLED VOLTAGE 
MULTIPLIER OUTPUT STAGES 
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and can be used in a variety of switching regulator configura- 
tions. 


Three such modes are: 


1. Single-ended single stage configurations for forward and 
flyback converters. 


2. Single-ended parallel output stages for switching regula- 
tors 


3. Dual or individual stage configurations for push-pull, 1/2 
bridge circuits, etc. 


Single-Ended Applications 


The single-ended configuration provides for simple regulator 
designs in which an LC and diode filter network provide the 
DC output voltage. The PWM controlled duty cycle can vary 
from 0% to 45%. 


The duty cycle variation depends on the divided reference 
voltage applied to the error amplifier terminals. This voltage, 
in turn, adjusts the comparator’s trip level to control the ON 
time. Figure 11 shows the duty cycle variation vs. the error 
amplifier output voltage (pin 9) for the CA1524. 


If the outputs are connected in parallel, the duty cycle can 
range from 0% to 90% a normal mode for switching regula- 
tors. For flyback operation, care must be taken to prevent the 
on time from exceeding 45% to allow for retrace in the 
flyback transformer. 


Dual-Ended Applications 


The dual-ended configuration can be used for the following 
applications: 


1. Push-Pull circuits 
2. Voltage Multipliers; (capacitor diode filters) 
3. Half or full bridge circuits 


The oscillator has a dead band feature to ensure against 
both output transistors conducting simultaneously. This dead 
band applies not only to the internal transistors, but for any 
additional drivers used for push-pull applications. 


When using push-pull and bridge circuits, the dead time 
becomes important. Since the frequency of the oscillator is 
1/RyCy, a good method for establishing dead band time is to 
select f first, C7 second, and then Ry. The value of Cr 
determines the dead time or discharging rate of Cy. The 
curves in Figures 8 and 10 are used for this purpose. The 
oscillator provides a ramp at the Cy terminal with an 
equivalent dead time pulse at Pin 3 for slaving multiple 
units. This terminal can also be used as an oscilloscope 
sync. With an output resistance of 2KQ at Pin 3, capacitive 
loading of this terminal will be adequate for most 
applications, but for larger systems some type of external 
dead time adjustment must be employed. To provide an 
expansion of the dead time without loading the oscillator, 
the simple 5kQ potentiometer and diode arrangement 
shown in Figure 9 can be used. The output frequency of 
each individual output stage is approximately half that of the 
oscillator frequency. When the stages are connected in 
parallel, fosc = four: 


The selection of components - capacitors, diodes, inductors, 
transformer cores, etc., depends primarily on the operating 
frequency of the switching regulator. It is important, 
therefore, that care be exercised in the selection of these 
components. Capacitors should have low equivalent series 
resistance (ESR) and low equivalent series inductance 
(ESL), because high ESR is the principal cause of capacitor 
ripple, and high ESL causes high frequency ringing in the 
MHz region. Most capacitor manufacturers rate capacitance 
at 120Hz, a frequency quite different from the 20kHz - 
100kHz operating frequency of PWM regulator circuits. 
Because the characteristics of capacitors may change with 
change in frequency, the careful selection of close tolerance 
capacitors will tend to offset any degradation in PWM 
regulator performance resulting from the difference in the 
frequency rating of capacitor vs PWM regulator circuit 
operating frequency. 


Free-wheeling diode clamps must have fast turn on and low 
distributed capacitance. The DC resistance of inductors 
should be kept low to minimize the effects of added losses 
that may occur at high load currents. In addition, the 
selection of the size and type of transformer core will also 
depend on the input voltage range and on the output voltage 
and current requirements. 


Basic Switching Regulators 


Figure 20 shows the basic switching regulator, the Buck or 
Step-Down type. In this type of regulator Vo is always < Vw. 
The simplified waveforms for this regulator are shown in 
Figure 21. 


FIGURE 20. BUCK (STEP-DOWN) REGULATOR 


The Buck Regulator shown in Figure 20 operates by 
chopping an unregulated DC voltage. The frequency of the 
circuit waveforms remains constant but the duty cycle is 
varied to effect regulation. The output LC filter, together with 
the free-wheeling diode D1, smooths the chopped 
waveform. With Vo set at some selected level by means of 
the reference voltage, the sample of the output voltage 
applied t the input of the CA1524 error amplifier adjusts the 
duty cycle in response to changes in load currents. When 
transistor Q1 is turned on diode D1 is nonconductive and 
Current flows from Vj, through L1 to +Vo. When Q_1 is off, the 
reserve energy in C1 provides the necessary current to the 
load. The overall output regulation depends primarily on the 
characteristics of the CA1524 and on the design of the out- 
put filter. 
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Switching regulator circuits are categorized for single-ended For low-power applications from 50 to 100 watts. 
and dual-ended (bridge) applications. The basic circuits 


shown in Figures 22 through 30 include an_ inductive * . 
element. In these circuits SA represents transistor A, SB * 

transistor B, and SA/SB indicated that both transistors can Ven Vout 
be connected in parallel. A description of the single-ended S,//Sp . 


and dual-ended bridge configuration is given in subsequent 


pages. 
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thereby preventing avalanche in the switching transistor. 


FIGURE 25. FLYBACK CONVERTER (OPERATING MODEL FOR 


Vin Unregulated DC Voltage THIS CONVERTER IS THE BOOST REGULATOR) 
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Single-Ended Applications 


For low-power applications up to 100 watts. 
FORWARD CONVERTER 


Vie | | Vour . . * 
° 7 Vin I Vout 
S,//Sg ° 


FIGURE 22. BUCK OR STEP-DOWN REGULATOR 


+ + 


FORWARD CONVERTER WITH DIODE CLAMP 
Vin S,//Sg Vout 


- FIGURE 26. FORWARD CONVERTER (OPERATING MODEL FOR 
Vout 2 Vin THIS CONVERTER IS THE BUCK REGULATOR) 


Dual-Ended (Bridge) Applications 


For low-to-medium-power applications from 100 to 200 
watts. 


APPLICATION 
NOTES 


FIGURE 23. BOOST OR STEP-UP REGULATOR 


FIGURE 24. VARIATION OF THE BOOST OR STEP-UP REGULA- 


TOR RESEMBLES THE FLYBACK REGULATOR 
AND CAN BE EITHER STEP-UP OR STEP-DOWN FIGURE 27. FLYBACK OR FORWARD CONVERTER WITH A 


CLAMP WINDING 
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For Medium-power applications from 200 to 500 watts. 


YW g, Se . 


FIGURE 28. PUSH-PULL OR DC-TO-DC CONVERTER 


For medium-to-high power applications from 200 to 1000 
watts. 


+VouT 


Q1 (CAN BE S,) 
(Sq CAN DRIVE Q1) 


Cc Q2 (CAN BE Sg) 
(Sg CAN DRIVE Q2) 


FIGURE 29. HALF-BRIDGE CIRCUIT 


Capacitor Ce (1.0uF to 5.0uF range) minimizes transformer 
saturation problems. Diode clamps can be used across each 
transistor to reduce the effects of destructive switching 
transients. 
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CONTROL 
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For high-power applications from 500 to 2000 watts. 


S, CAN DRIVE Q1 AND Q4 
S, CAN DRIVE Q2 AND Q3 


FIGURE 30. FULL-BRIDGE CIRCUIT 


Capacitor Cc and diode clamps have same function as in the 
half-bridge circuit. In the full-bridge circuit full line voltage 
can be applied to the primary winding to approximately 
double the power output of the half-bridge circuit. 


Regulator Applications 
The Variable Switcher 


The following review of some of the characteristics and 
unique design features of a variable switching pulse-width- 
modulated (PWM) circuit will provide the equipment 
designer with some of the basic principles of a PWM circuit 
and its associated circuitry, and a better understanding of 
the CA1524 Series ICs intended for this type of application. 
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FIGURE 31. THE CA1524 USED AS A 0A TO 5A 7V TO 30V LABORATORY SUPPLY 
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Although most switching regulator designs and applications 
imply a fixed output voltage, the CA1524 Series can be 
applied to a variable-output-voltage power supply. 


This type of circuit provides many advantages: 


1. Excellent overall efficiency for the full output range; gen- 
erates less heat, thereby reducing cooling requirements. 


2. Input current level = maximum output current level. 


3. Limited dependence on Vij, (i.e., Vin 2 Vout Max. +2) at 
the power supply’s maximum output current level. 


4. Light weight due to small, light cores. 
5. Space saver. 
and some disadvantages: 


1. Low output voltage due to the limited lower end range of 
the error amplifier (i.6., Voy min # 0, but = 7V in this 
particular application). 

2. Losses in efficiency when output current levels are within 
the range of the no load dissipation for the IC and pass 
transistor. 


3. Time lag in changing voltage levels at no load or light 
loads. This time lag is due to two conditions: 


A. Vc cannot change instantaneously; and 


B. Cy remains charged since it is not performing its 
function of supply current to the output load when the 
free wheeling diode conducts. 


Basic Circuit Operation 


The circuit diagram of the CA1524, used as a variable output 
voltage power supply is shown in Figure 31. By connecting 
the two output transistors in parallel, the duty cycle is doubled 
i.e.; 0° to 90°. Transistor Q1, 2N6388 PNP Darlington Transis- 
tor, is used as the switching pass element. Its base is driven 
by the CA1524’s outputs. Variability is obtained by fist preset- 
ting the error amplifier inverting input (terminal 1) to 3.4V by 
appropriate selection of values for resistor network R3, R4 and 
Rs, in accordance with the maximum output voltage desired, 
@.g.; this particular supply was adjusted so that Voyr (max.) = 
30V. By varying the internal reference voltage at the compara- 
tor input (Pin 9) or 0.5V to 3.8V is achieved. This output volt- 
age will cause the ON time of the output section to vary 
accordingly. As the reference voltage level is varied, the feed- 
back voltage will track that level and cause the output voltage 
to change according to the change in reference voltage. The 
operating frequency of the regulator with Ry = 16KQ and Cy = 
3300pF is 23KHz (T = 43.5ys). The output voltage is directly 
related to the duty cycle and can be determined by the follow- 
ing equation: 


y Vin - Visaty ton 
eww 
~ 
where ton is the “on” time in ps, T is the oscillator period in 
us; and Q1 is operating in a saturated mode. 


The following table shows both the calculated and measured 
data for the regulator circuit of Figure 31. 


Vo ton 
(lLoap = 3A) Ver Vsar t (CALC.) 
(Vv) (Vv) (us) (us) 


a [es [es | mor | me 
[es [as [ome | om 


As the load current increases, the level of the input voltage 
to the D5-L1-C3 filter network decreases slightly due to an 
increase in the saturation voltage of Q1. this change in load 
causes the ON time of Q1’s base to increase in proportion to 
the decrease in voltage at Q1’s collector. This decrease in 
voltage, in turn, adjusts the output voltage at C3. Resistor R7 
controls the output voltage level. 


The efficiency curve for the variable output voltage power 
supply is shown in Figure 32 at load currents in the range of 
0.5A to 3A over the full output voltage range (7V - 30V). The 
efficiency of the variable switcher falls short of the ideal due 
to the losses incurred during the fall time of Q1’s collector 
voltage. Use of a lower frequency would improve efficiency, 
but would require more expensive inductive and capacitive 
components. Even though the efficiency values shown in 
Figure 32 are appreciably lower at the lower output voltages, 
the overall efficiency of the PWM variable supply is superior 
to that of the linear variable supply. 


EFFICIENCY - n (%) 


OUTPUT VOLTAGE (V) 


FIGURE 32A. 


FIGURE 32. EFFICIENCY CURVE FOR THE VARIABLE OUTPUT 
VOLTAGE POWER SUPPLY SHOWN IN FIGURE 31 
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REGULATOR OUTPUT CURRENT - I, (A) 
FIGURE 32B. 


FIGURE 32. EFFICIENCY CURVE FOR THE VARIABLE OUTPUT 
VOLTAGE POWER SUPPLY SHOWN IN FIGURE 31 


A major factor in the improved efficiency of the switching reg- 
ulator is that output current does not have to be equal to 
input current as the output voltage swings between the end 
points of its range. The curves in Figure 32B show the rela- 
tionship between the output current and the input current 
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FIGURE 33A. lout = 1A, Vout = 10V 
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FIGURE 33D. lout = 3A, Vout = 10V 
NOTES: 


All Photos: Viy = 33Vdc, Horizontal - 10ps/Div 
Vertical Scale Factors: 
Upper Trace: CA1524 Output Voltage (Pins 12, 13) = 20V/Div 
Middle Trace: Q1 Collector Voltage = 20V/Div 
Lower Trace: L, Current = 0.5A/Div, Figures 33A, B, D, E; 
0.1A/Div, Figures 33C, F 


FIGURE 33E. Voyz = 20V 


over the full voltage range and demonstrated how the switch- 
ing regulator accomplishes its high level of efficiency. At 
some combinations of output voltages and currents, the 
large reservoir energy capacitor (C3) supplies the difference 
between the required load current and available input current 
(see Figure 31). Note that the switching regulator has a 
higher efficiency for DC than AC - due primarily to the 
additional losses caused by the input bridge rectifiers D1 
through D4 in Figure 31. However, the advantage of the 
linear regulator is also apparent, it can provide output 
voltage down to nearly zero volts. 


Figure 33 shows the variation in ON time as a function of 
output loadings as measured at the base and collector of Q1 
respectively. The regulated output voltages are 30, 20, and 
10V, respectively with load currents of from 3A to 1A. The 
lower curve is the inductor current for the same voltages and 
loads. Note the change in the duty cycle and inductor current 
level waveforms in response to the short ON time required to 
supply the 30V output voltage level. 


Radio frequency interference (RFI) is usually generated with 
any switching regulator and certain networks must be added 
to minimize this interference. Ro and Cz (Figure 31) provide 
a snubber network for the switching current transients of 
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FIGURE 33F. Voyy = 30V 


Variable output switching power supply design employ pulse width 
modulation techniques to achieve high performance. Note that “on” 
times of Q1 and the CA1524 are more dependent on the circuit's 
output voltage than by the output current to the load. 


FIGURE 33. TYPICAL VOLTAGE AND CURRENT WAVEFORMS FOR CA1524 PWM REGULATOR OPERATED WITH P-N-P PASS 
TRANSISTOR AND SERIES LC AND DIODE FILTER NETWORK 
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diode D5 to reduce the level of the RFI generated. The 
output filter network L2 and C4 through C6 provides a bifilar 
coil which additionally suppresses the switching noise. 
Varistors and input L-C filters can also be employed. 


Pulse-Width Modulator (PWM) Supply Details 


The CA1524 provides all sense and control functions in the 
variable output voltage power supply design of Figure 31. In 
this application, the ICs two alternately switched output 
stages (pins 12 and 13) are connected in parallel to drive the 
switching transistor (Q1). The PWM IC provides an “on” 
drive signal to Q1 that, in effect, spans a 0% to 90% duty 
cycle. (The ICs output transistors can each provide a 0% to 
45% duty cycle during their alternate “on” periods, but when 
the outputs are connected in parallel their separate “on” 
times effectively add serially.) This 0% to 90% duty cycle 
span makes possible the design’s wide output voltage/ 
Current range without manual switching. 


Other supply features include high operating efficiency (70% 
to 80%) over the full output voltage/current range. This high 
efficiency leads to fewer heat dissipation problems; there- 
fore, the design is easier to cool and its reliability is higher 
than that of conventional linear designs. Additionally, 
because the circuit switches at a relatively high frequency 
(approximately 23KHz), circuit capacitors and inductors are 
small, and the combination of small size components with 
low power dissipation permits a compact overall design. 


The PWM supply does present a few disadvantages. For 
example, output voltages of less than 7V cannot be attained 
because the on-chip error amplifier of the PWM device has a 
limited low-end range. And efficiency suffers when the output 
load current levels are low enough to nearly equal the active 
devices’ no-load dissipation levels. In addition, a time lag 
occurs in voltage regulation with no load or light loads 
because C3 does not supply load current when the 
commutating diode D5 tries to conduct. 
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Component and Wiring Considerations 


Besides being simple in concept, the regulator in Figure 31 
is easy to construct and align. Layout isn’t critical except in 
the ground returns where high circulating currents could 
cause problems. Note the indicated chassis and earth 
grounding points. The circuit diagram shows two separate 
return lines, one for all components in the power section and 
one for the control section. This arrangement is essential to 
assure good line and load regulation as well as minimal 
output noise. Keep the DC output well away from the 
switching circuits (switching occurs at 23kHz). 


To align the supply of Figure 31, first set the PWM error 
amplifiers inverting input (pin 2) to approximately 33V by 
means of R7. (This voltage is the maximum value for the 
voltage control potentiometer). Then adjust the output of R4 
to pin 1 to 3.4V. This value yields a maximum supply output 
of 30V. When the voltage control potentiometer is varied 
from minimum to maximum, the ICs comparator input 
voltage at pin 9 varies from 0.5V to 3.8V. This voltage 
controls the PWMs on-to-off ratio and, therefore, the 
conduction time of switching transistor Q1. During operation, 
the control voltage is set to the desired supply output 
voltage, and the output to the PWM feedback network 
consisting of R3 through R5 controls the timing. 


Other Applications 
Single-Ended Switching Regulator 


The CA1524 in the circuit of Figure 34 has both output 
stages connected in parallel to produce an effective 0% - 
90% duty cycle. Transistor Q1 is pulsed on and off by these 
output stages. Regulation is achieved from the feedback 
provided by R1 and R2 to the error amplifier which adjusts 
the on-time of the output transistors according to the load 
current being drawn. Various output voltages can be 
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0.001 uF 


FIGURE 34. SINGLE-ENDED LC SWITCHING REGULATOR CIRCUIT 
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FIGURE 35. CAPACITOR DIODE OUTPUT CIRCUIT 


TABLE 1. INPUT vs OUTPUT VOLTAGE AND FEEDBACK RESISTOR VALUES FOR |, = 40mA 
(For capacitor diode output circuit shown in Figure 35) 


V+ (Min) 
(V) 
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2213P - A250 - 387 
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FIGURE 36. FLYBACK CONVERTER CIRCUIT 
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obtained by adjusting R1 ad R2. The use of an output 
inductor requires an R-C phase compensation network to 
stabilize the system. Current limiting is set at 1.9A by the 
sense resistor R3. 


Capacitor Diode Output Circuit 


A capacitor diode output filter is used in Figure 35 to convert 
+15Vdc to -5Vde at output currents up to 50mA. Since the 
output transistors have built-in current limiting, no additional 
current limiting is needed. Table 1 gives the required mini- 
mum input voltage and feedback resistor values, R2, for an 
output voltage range of -0.5V to -20V with an output current 
of 40mA. 


Flyback Converter 


Figure 36 shows a flyback converter circuit for generating a 
dual 15V output at 20mA from a 5V_ regulated line. 
Reference voltage is provided by the input and the internal 
reference generator is unused. Current limiting in this circuit 
is accomplished by sensing current in the primary line and 
resetting the soft start circuit. 


Push-Pull Converter 


The output stages of the CA1524 provide the drive for 
transistors Q1 and Q2 in the push-pull application of Figure 
37. Since the internal flip-flop divides the oscillator frequency 
by two, the oscillator must be set at twice the output 
frequency. Current limiting for this circuit is done in the 
primary of transformer T1 so that the pulse width will be 
reduced if transformer saturation should occur. 


Low Frequency Pulse Generator 


Figure 38 shows the CA1524 being used as a low frequency 
pulse generator. Since all components (error amplifier, 
oscillator, oscillator reference regulator, output transistor 
drivers) are on the IC, a regulated 5V (or 2.5V) pulse of 0% 
to 45% (or 0% to 90%) on time is possible over a frequency 
range of 150Hz to 500Hz. Switch S1 is used to go from a 5V 
output pulse (S1 closed) to a 2.5V output pulse (S1 open) 
with a duty cycle range of 0% to 45%. The output frequency 
will be roughly half of the oscillator frequency when the 
output transistors are not connected in parallel (75Hz to 
250Hz respectively). Switch S2 will allow both output stages 
to be paralleled for an effective duty cycle of 0% to 90% with 
the output frequency range from 150Hz to 500Hz. The 
frequency is adjusted by R,; R. controls duty cycle. 


Digital Readout Scale 


The CA1524 can be used as the driving source for an 
electronic scale application. The circuit shown in Figures 39 
and 40 uses half (Q2) of the CA1524 output in a low voltage 
switching regulator (2.2V) application to drive the LED's 
displaying the weight. The remaining output stage (Q1) is 
used as a driver for the sampling plates PL1 and PL2. Since 
the CA1524 contains a 5V internal regulator and a wide 
operating range of 8V to 40V, a single 9V battery can power 
the total system. The two plates, PL1 and PL2, are driven 


with opposite phase signals (frequency held constant but 
duty cycle may change) from the pulse width modulator IC 
(CA1524). The sensor, S, is located between the two plates. 
Plates PL1, S and PL2 form an effective capacitance bridge 
type divider network. As plate S is moved according to the 
object’s weight, a change in capacitance is noted between 
PL1, S and PL2. This change is reflected as a voltage to the 
amplifier (CA3160). At the null position the signals from PL1 
and PL2 as detected by S are equal in amplitude, but 
opposite in phase. As S is driven by the scale mechanism 
down toward PL2, the signal as S becomes greater. The 
CA3160 AC amplifier provides a buffer for the small signal 
change noted at S. The output of the CA3160 is converted to 
a DC voltage by a peak-to-peak detector. A peak-to-peak 
detector is needed, since the duty cycle of the sampled 
waveform is subject to change. The detector output is filtered 
further and displayed via the CA3161E and CA3162E digital 
readout system, indicating the weight on the scale. 
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FIGURE 37. PUSH-PULL TRANSFORMER COUPLED CONVERTER 
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FIGURE 39. BLOCK DIAGRAM - DIGITAL READOUT SCALE CIRCUIT 
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FIGURE 40. SCHEMATIC DIAGRAM OF DIGITAL READOUT SCALE 
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THE CA1524 PULSE-WIDTH MODULATOR-DRIVER 
FOR AN ELECTRONIC SCALE 


Authors: C. P. Salerno and P. J. Stabile 


The CA1524 pulse-width modulator integrated circuit 
presently in use in voltage-regulator applications can also be 
employed as the driving source for an electronic scale. As 
shown in the block and schematic diagrams of Figures 1 and 
2, half of the output of the CA1524, Q2, is used in a low- 
voltage (2.2 volts) switching regulator that drives the LEDs 
displaying the weight measured. The remaining output 
stage, Q1, is used as a driver for the sampling plates PL1 
and PL2. Since the CA1524 contains a 5V internal regulator 
and is able to operate over a wide voltage range, 8V to 40V, 
a single 9V battery is sufficient to power the total system. 
The two sampling plates, PL1 and PL2, are driven by 
oppositely phased signals (the frequency is held constant 
but the duty cycle may change) from the pulse-width 
modulator integrated circuit CA1524. The sensor, S, located 
between the two plates forms with them an effective divider 
network of the capacitance bridge type. 


COUPLED TO MECHANICAL 
SCALE MECHANISM 


As the plate S is moved, the amount of movement depend- 
ing on the weight of the object on the scale, a change in 
capacitance occurs. This change is reflected as a voltage to 
the AC amplifier, the integrated circuit CA3160. At the null 
position, the signals for PL1 and PL2, as detected at S, are 
equal in amplitude, but opposite in phase. As S is driven by 
the scale mechanism down toward PL2, the signal at S 
becomes greater. The CA3160 AC amplifier provides a 
buffer fro the small signal change noted at S. The output of 
the CA3160 is converted to a DC voltage by peak-to-peak 
detector. A detector of this type is needed because the duty 
cycle of the sampled waveform is subject to change. The 
detector signal is filtered further and displayed, by means of 
the CA3161E and the CA3162E digital readout system, as 
the weight of the object on the scale. 
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FIGURE 1. BLOCK DIAGRAM - DIGITAL READOUT SCALE CIRCUIT 
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No. AN7244.2 september 1993 
UNDERSTANDING POWER MOSFETs 


Author: Tom McNulty 


Power MOSFETs (Metal Oxide Semiconductor, Field Effect 
Transistors) differ from bipolar transistors in operating 
principles, specifications, and performance. In fact, the 
performance characteristics of MOSFETs are generally 
superior to those of bipolar transistors: significantly faster 
switching time, simpler drive circuitry, the absence of a 
second-breakdown failure mechanism, the ability to be 
paralleled, and stable gain and response time over a wide 
temperature range. This note provides a basic explanation of 
general MOSFET characteristics, and a more thorough 
discussion of structure, thermal characteristics, gate 
parameters, operating frequency, output characteristics, and 
drive requirements. 


General Characteristics 


A conventional n-p-n bipolar power transistor is a current- 
driven device whose three terminals (base, emitter, and 
collector) are connected to the body by silicon contacts. 
Bipolar transistors are described as minority-carrier devices 
in which injected minority carriers recombine with majority 
carriers. A drawback of recombination is that it limits the 
device's operating speed. And because of its current-driven 
base-emitter input, a bipolar transistor present a low-imped- 
ance load to its driving circuit. In most power circuits, this 
low-impedance input requires somewhat complex drive 
Circuitry. 


By contrast, a power MOSFET is a voltage-driven device 
whose gate terminal, Figure 1(a), is electrically isolated from 
its silicon body by a thin layer of silicon dioxide (SiO2). As a 
majority-carrier semiconductor, the MOSFET operates at 
much higher speed than its bipolar counterpart because 
there is no charge-storage mechanism. A positive voltage 
applied to the gate of an n-type MOSFET creates an electric 
field in the channel region beneath the gate; that is, the 
electric charge on the gate causes the p-region beneath the 
gate to convert to an n-type region, as shown in Figure 1(b). 
This conversion, called the surface-inversion phenomenon, 
allows current to flow between the drain and source through 
an n-type material. In effect, the MOSFET ceases to be an 
n-p-n device when in this state. The region between the 
drain and source can be represented as a resistor, although 
it does not behave linearly, as a conventional resistor would. 
Because of this surface-inversion phenomenon, then, the 
operation of a MOSFET is entirely different from that of a 
bipolar transistor, which always retain its n-p-n characteristic. 


By virtue of its electrically-isolated gate, a MOSFET is 
described as a high-input impedance, voltage-controlled 
device, whereas a bipolar transistor is a low-input-imped- 
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ance, current-controlied device. As a _ majority-carrier 
semiconductor, a MOSFET stores no charge, and so can 
switch faster than a bipolar device. Majority-carrier semicon- 
ductors also tend to slow down as temperature increases. 
This effect, brought about by another phenomenon called 
carrier mobility (where mobility is a term that defines the 
average velocity of a carrier in terms of the electrical field 
imposed on it) makes a MOSFET more resistive at elevated 
temperatures, and much more immune to the thermal- 
runaway problem experienced by bipolar devices. 


A useful by-product of the MOSFET process is the internal 
parasitic diode formed between source and drain, Figure 
1(c). (There is no equivalent for this diode in a bipolar 
transistor other than in a bipolar darlington transistor.) Its 
characteristics make it useful as a clamp diode in inductive- 
load switching. 


ALUM SOURCE GATE p CONVERTED 


TO n CHANNEL 


FIGURE 1. THE MOSFET, A VOLTAGE-CONTROLLED DEVICE 
WITH AN ELECTRICALLY ISOLATED GATE, USES 
MAJORITY CARRIERS TO MOVE CURRENT FROM 
SOURCE TO DRAIN (A). THE KEY TO MOSFET 
OPERATION IS THE CREATION OF THE INVER- 
SION CHANNEL BENEATH THE GATE WHEN AN 
ELECTRIC CHARGE IS APPLIED TO THE GATE 
(B). BECAUSE OF THE MOSFETs CONSTRUC- 
TION, AN INTEGRAL DIODE IS FORMED ON THE 
DEVICE (C), AND THE DESIGNER CAN USE THIS 
DIODE FOR A NUMBER OF CIRCUIT FUNCTIONS. 
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Structure 


Harris Power MOSFETs are manufactured using a vertical 
double-diffused process, called VDMOS or simply DMOS. A 
DMOS MOSFET is a single silicon chip structured with a 
large number of closely packed, hexagonal cells. The 
number of cell varies according to the dimensions of the 
chip. For example, a 120-mil* chip contains about 5,000 
cells; a 240-mil? chip has more than 25,000 cells. 


One of the aims of multiple-cells construction is to minimize 
the MOSFET parameter rpsjon), Or resistance from drain to 
source, when the device is in the on-state. When rpsion) is 
minimized, the device provides superior power-switching 
performance because the voltage drop from drain to source 
is also minimized for a given value of drain-to-source current. 


Since the path between drain and source is essentially 
resistive, because of the surface-inversion phenomenon, 
each cell in the device can be assumed to contribute an 
amount, Ry, to the total resistance. An individual cell has a 
fairly low resistance, but to minimize rpgion), it is necessary 
to put a large number of cells in parallel on a chip. In general, 
therefore, the greater the number of paralleled cells on a 
chip, the lower its [pg(on) Value: 


DS(ON) = RA/N, where N is the number of cells. 


3000 


1000 


DS(ON) (MQ) 


100 


FIGURE 2. THE DRAIN-TO-SOURCE RESISTANCE (Frpsiony OF 
A MOSFET IS NOT ONE BUT THREE SEPARATE 
RESISTANCE COMPONENTS) 


TABLE 1. PERCENTAGE RESISTANCE COMPONENTS FORA 
TYPICAL CHIP 


L Bvoss | vty | S00v 
Rone. | 80% | 23% | am 
Roux | 95% | 70% | 
Rexenwa | 15% 7% | <t% 


In reality, fos(on) is composed of three separate resistances. 
Figure 2 shows a curve of the three resistive components for 
a single cell and their contributions to the overall value of 
Tps(on): The value of rpgion) at any point of the curve is 
found by adding the values of the three components at that 
point: 


Tps(on) = Reutk + Ronan + Rexr 


where Ronan represents the resistance of the channel 
beneath the gate, and Rey includes all resistances resulting 
from the substrate, solder connections, leads, and the 
package. Rey represents the resistance resulting from the 
narrow neck of n material between the two players, as 
shown in Figure 1(a), plus the resistance of the current path 
below the neck and through the body of the device to the 
drain. 


Note in Figure 2 that Rowan and Rex; are completely inde- 
pendent of voltage, while Reyix is highly dependent on 
applied voltage. Note also that below about 150 volts, 
TDS(ON) is dominated by the sum of Ronan and Rexy. Above 
150 volts, fpsiony is increasingly dominated by ReyiK. Table 
1 gives a percentage breakdown of the contribution of each 
resistance for three values of voltage. 


Two conclusions, inherent consequences of the laws of 
semiconductor physics, and valid for any DMOS device, can 
be drawn from the preceding discussion: First, tpsion) 
obviously increases with increasing breakdown-voltage 
capability of a MOSFET. Second, minimum fpgon) 
performance must be sacrificed if the MOSFET must with- 
stand ever-higher breakdown voltages. 


The significance of Rguix in devices with a high voltage 
Capability is due to the fact that thick, lightly doped epi layers 
are required for the drain region in order to avoid producing 
high electric fields (and premature breakdown) within the 
device. And as the epi layers are made thicker and more 
resistive to support high voltages, the bulk component of 
resistance rapidly increases (see Figure 2) and begins to 
dominate the channel and external resistance. The rpsion) 
therefore, increases with increasing breakdown voltage 
capability, and low rpsion) Must be sacrificed if the MOSFET 
is to withstand even higher breakdown voltages. 


There is a way around these obstacles. The rpg) in Figure 
2 holds only for a relatively small chip. Using a larger chip 
results in a lower value for rps;on) because a large chip has 
more cells (See Figure 3). A larger chip also increases 
MOSFET breakdown voltage capability. 


The penalty for using a larger chip, however, is an increase 
in cost, since chip size is a major cost factor. And because 
chip area increases exponentially, not linearly, with voltage, 
the additional cost can be substantial. For example, to obtain 
@ given Ips(on) at a breakdown voltage twice as great as the 
Original, the new chip requires an area four or five times 
larger than the original. Although the cost does not rise 
exponentially, it is substantially more than the original cost. 
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Effects of Temperature 


The high operating temperatures of bipolar transistors area 
frequent cause of failure. The high temperatures are caused 
by hot-spotting, the tendency of current in a bipolar device to 
concentrate in areas around the emitter. Unchecked, this 
hot-spotting results in the mechanism of thermal runaway, 
and eventual destruction of the device. MOSFETs do not 
suffer this disadvantage because their current flow is in the 
form of majority carriers. The mobility of majority carriers 
(where, again, mobility is a term that defines the average 
velocity of a carrier in terms of the electrical field imposed on 
it) is temperature dependent in silicon: mobility decreases 
with increasing temperature. This inverse relationship 
dictates that the carriers slowdown as the chip gets hotter. in 
effect, the resistance of the silicon path is increased, which 
prevents the concentrations of current that lead to hot spots. 
In fact, if hot spots do attempt to form in a MOSFET, the local 
resistance increases and defocuses or spreads out the 
current, rerouting it to cooler portions of the chip. 


Because of the character of its current flow, a MOSFET has 
a positive temperature coefficient of resistance, as shown by 
the curves of Figure 4. 


4 
Ip = 4A 
Ves = 10V 
3 
g 
> 2 
; 
1 
0 
-50 0 50 100 150 200 


JUNCTION TEMPERATURE - T, (°C) 


FIGURE 4. MOSFETs HAVE A POSITIVE TEMPERATURE CO- 
EFFICIENT OF RESISTANCE, WHICH GREATLY 
REDUCES THE POSSIBILITY OF THERMAL RUN- 
AWAY AS TEMPERATURE INCREASES 


The positive temperature coefficient of resistance means 
that a MOSFET is inherently stable with temperature 
fluctuation, and provides its own protection against thermal 
runaway and second breakdown. Another benefit of this 
characteristic is that MOSFETs can be operated in parallel 
without fear that one device will rob current from the others. 
If any device begins to overheat, its resistance will increase, 
and its current will be directed away to cooler chips. 


Gate Parameters 


To permit the flow of drain-to-source current in an n-type 
MOSFET, a positive voltage must be applied between the 
gate and source terminals. Since, as described above, the 
gate is electrically isolated from the body of the device, 
theoretically no current can flow from the driving source into 
the gate. In reality, however, a very small current, in the 
range of tens of nanoamperes, does flow, and is identified on 
data sheets as a leakage current, Igss. Because the gate 
current is so small, the input impedance of a MOSFET is 
extremely high (in the megohm range) and, in fact, is largely 
capacitive rather than resistive (because of the isolation of 
the gate terminal). 


Figure 5 illustrates the basic input circuit of a MOSFET. The 
elements are equivalent, rather than physical, resistance, R, 
and capacitance, C. The capacitance, called Cjgg on 
MOSFET data sheets, is a combination of the device's 
internal gate-to-source and gate-to-drain capacitance. The 
resistance, R, represents the resistance of the material in 
the gate circuit. Together, the equivalent R and C of the input 
circuit determine the upper frequency limit of MOSFET 
operation. 


FIGURE 5. A MOSFETs SWITCHING SPEED IS DETERMINED 
BY ITS INPUT RESISTANCE R AND ITS INPUT 
CAPACITANCE Cigg 


Operating Frequency 


Most DMOS processes develop the polysilicon gate 
structure rather than the older metal-gate type. If the 
resistance of the gate structure (R in Figure 5) is high, the 
switching time of the DMOS device is increased, thereby 
reducing its upper operating frequency. Compared to a metal 
gate, a polysilicon gate has a higher gate resistance. This 
property accounts for the frequent use of metal-gate 
MOSFET in high-frequency (greater than 20MHz) 
applications, and polysilicon-gate MOSFETs in higher-power 
but lower-frequency systems. 


Since the frequency response of a MOSFET is controlled by 
the effective R and C of its gate terminal, a rough estimate 
can be made of the upper operating frequency from 
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datasheet parameters. The resistive portion depends on the 
sheet resistance of the polysilicon-gate overlay structure, a 
value of approximately 20W/U). But whereas the total R 
value is not found on datasheets, the C value (Cjgs) is; it is 
recorded as both a maximum value and in graphical form as 
a function of drain-to-source voltage. The value of Ciss is 
closely related to chip size; the larger the chip, the greater 
the value. Since the RC combination of the input circuit must 
be charged and discharged by the driving circuit, and since 
the capacitance dominates, larger chips will have slower 
switching times than smaller chips, and are, therefore, more 
useful in lower-frequency circuits. In general, the upper 
frequency limit of most power MOSFETs spans a fairly broad 
range, from 1MHz to 10MHz. 


Output Characteristics 


Probably the most used MOSFET graphical data is the 
output characteristics or plot of drain-to-source voltage (Vps) 
as a function of drain-to-source current (Ip). A typical 
characteristic, shown in Figure 6, gives the drain current that 
flows at various Vps values as a function of the gate-to- 
source voltage (gs). The curve is divided into two regions: a 
linear region in which Vps is small and drain current 
increases linearly with drain voltage, and a saturated region 
in which increasing drain voltage has no effect on drain 
current (the device acts as a constant-current source). The 
current level at which the linear portion of the curve joins 
with the saturated portion is called the pinch-off region. 


Drive Requirements 


When considering the Vgs level required to operate a 
MOSFET, note, from Figure 6, that the device is not turned 
on (no drain current flows) unless Ves is greater than a 
certain level (called the threshold voltage). In other words, 
the threshold voltage must be exceeded before an apprecia- 
ble increase in drain current can be expected. Generally Ves 
for many types of DMOS devices is at least 2V. This is an 
important consideration when selecting devices or designing 
circuits to drive a MOSFET gate: the gate-drive circuit must 
provide at least the threshold-voltage level, but preferably, a 
much higher one. 


As Figure 6 shows, a MOSFET must be driven by a fairly 
high voltage, on the order of 10V, to ensure maximum 
saturated drain-current flow. However, integrated circuits, 
such as TTL types, cannot deliver the necessary voltage 
levels unless they are modified with external pull-up 
resistors. Even with a pull-up to 5V, a TTL driver cannot fully 
saturate most MOSFETs. Thus, TTL drivers are most 
Suitable when the current to be switched is far less than the 
rated current of the MOSFET. CMOS ICs can run from 
supplies of IOV, and these devices are capable of driving a 
MOSFET into full saturation. On the other hand, a CMOS 
driver will not switch the MOSFET gate circuit as fast as a 
TTL driver. The best results, whether TTL or CMOS ICs 
provide the drive, are achieved when special buffering chips 
are inserted between the IC output and gate input to match 
the needs of the MOSFET gate. 


Vg = 20V 


PULSE TEST 
PULSE DURATION = 80S 
DUTY CYCLE < 2% 


To = +25°C 


Vg = 6V 


DRAIN CURRENT - Ip (A) 


0 2 4 6 8 10 12 14 
DRAIN-TO-SOURCE VOLTAGE - Vpg (V) 
FIGURE 6. MOSFETs REQUIRE A HIGH INPUT VOLTAGE (AT 


LEAST 10V) IN ORDER TO DELIVER THEIR FULL 
RATED DRAIN CURRENT 


11-117 


APPLICATION 
NOTES 


Harris Semiconductor 


ll 
inl 
| 


I 


eal 
— 
——— 


SASL 


| 


ull 
Ih 
‘all 


( 


5 
= 
7 
BS 
> 
| 
= 
eo) 
= 
Mm 
a 


No. AN7254.2 April 1994 


SWITCHING WAVEFORMS OF THE L2FET: 
A 5 VOLT GATE-DRIVE POWER MOSFET 


Author: C. Frank Wheatley, Jr. and Harold R. Ronan, Jr. 


The switching waveforms of a newly announced series of 
power MOSFET devices called Logic Level FETs (L2FETs) 
and featuring a 5V gate drive are presented and contrasted 
with those of the more conventional 10V gate drive devices. 
A new method of characterizing MOSFET switching perfor- 
mance is discussed in which the MOSFET is treated as a 
vertical JFET driven in cascade from a low voltage lateral 
MOS. The 2:1 advantage in rise and fall time and the 4:1 
reduction in switching “dynamic Vsa7)” dissipation with con- 
stant drive power of the L?FET over the 10V MOSFET are 
demonstrated and discussed 


Background 


A new series of power MOSFET devices called Logic Level 
FETs, or L?FETs, is compatible with the 5V power supply 
used for logic circuitry. L?FETs retain the on resistance, 
drain current, and blocking voltage ratings of their 10V pre- 
decessors, but operate from a much less costly 5V supply. 


The reduction in gate drive voltage is the result of halving the 
thickness of the gate insulator from the industry standard 
100nm to 50nm (500A). Since the surface inversion of the 
MOS channel is determined by the gate insulator voltage 
field, halving the insulator thickness halves the applied gate 
voltage without compromising drain characteristics. 


The apparent conclusion from a study of the switching wave- 
forms of the new device that halving the gate oxide thickness 
would double the gate capacitance and halve the switching 
speed does not prove true. Measurements demonstrate 
empirically a 2:1 increase in switching speed for the L2FET 
over its 100nm predecessor, where gate drive power is the 
same for both devices. The “dynamic Visa)” dissipation is 
lowered by a factor of four. The apparent anomalies are 
explained with the aid of a new method of switching charac- 
terization developed by treating the power MOSFET as a 
grounded gate, depletion mode, vertical JFET driven in cas- 
cade by a grounded source, enhancement mode, lateral 
MOS. The waveforms and switching characterization meth- 
ods are described in detail below. 


L?FET Characteristics Compared to Standard Types - 
A Brief Review 


Thirty-two different power MOSFETs of the L?FET structure 
have been announced. These devices were designed to be 
totally interchangeable with the standard power MOSFET 
with respect to output characteristics, while offering twice the 
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gate sensitivity, as shown in Figures 1, 2, and 3, which are 
comparisons of the industry standard RFM10N15 with its 
Logic Level FET counterpart, the RFM10ON15L. (Although 
the L suffix notation in the type number will ultimately be 
valid for the entire product matrix, the L2FET product cur- 
rently available is limited to n-channel devices handling 200V 
or less, with 15A ratings or less.) 


10 
Vq = 9(4.5)V 


<— Vg = 6(3)V 


RFM10N15 
RFM10N15L 


Vg = 5(2.5)V 


Vg = 4(2)V 


DRAIN CURRENT (Ip) (A) 


30 60 90 
DRAIN VOLTAGE (Vp) (V) 


FIGURE 1. DRAIN CURRENT vs. DRAIN VOLTAGE CURVES 
FOR REPRESENTATIVE STANDARD AND L?FET 
DEVICES 
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RFM10N15 
RFMI10N15L 


Vg = 9(4.5)V 
Vg = 7(3.5)V 
Vg = 6(3)V 

Vg = 5(2.5)V 


DRAIN CURRENT (Ip) (A) 
> a @ 


8 10 
DRAIN VOLTAGE (Vp) (V) 
FIGURE 2. DRAIN CURRENT vs. LOW DRAIN VOLTAGE 
CURVES FOR REPRESENTATIVE STANDARD 
AND L?FET DEVICES DEMONSTRATING THAT 
Roy HAS NOT BEEN SACRIFICED IN THE L?FET 


Figures 1 and 2 are plots of drain current versus drain volt- 
age with gate voltage as the running parameter. The L2FET 
gate voltage is in parenthesis. The low drain voltage curves 
of Figure 2 demonstrate that RON has not been sacrificed in 
the L?FET. Figure 3 is the transfer characteristic comparison 
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for three different temperatures. The abscissa has two 
scales to reflect the different gate sensitivities; again, L val- 
ues are in parenthesis. It is evident from the curve that: 


1. The threshold voltage is scaled down by a factor of two for 
the L?FET. 


2. The threshold voltage temperature coefficient in mV/°C is 
scaled down. 


3. The current level for zero temperature coefficient is un- 
changed. 


4. The transconductance is scaled up by a factor of two. 


All other L?FETs have similar relationships to their respec- 
tive predecessors. 


TEMP = -40°C {|} / 
TEMP = +25°C f-/ 
TEMP = +100°C 
RMF10N15L 
Vprain = 10V 
0 WA 
2 4 6 
1) (2) {3 


( 


10 


DRAIN CURRENT + (Ip) (A) 


8 
) (4) 
GATE VOLTAGE (Vg) (V) 


FIGURE 3. TRANSFER CHARACTERISTIC 


Switching Waveforms with Conventional 
Drive 


The first concern when comparing devices with such a large 
difference of transfer sensitivity is one of “other things being 
equal”. If the standard device is driven between zero and ten 
volts with an Re of 25Q, impedance transformation dictates 
that the L?FET should be driven between zero and five volts 
with an Rg of 6'/, Q, thereby transforming open circuit volt- 
age and short circuit current by factors of 2 (or '/,). With 
these parameters, either drive system will supply a peak Re, 
or generator dissipation, of one watt. 


Figure 4 displays the drain voltage versus time of the 
RFM10N15 and the RFM10N15L when each is driven as 
described above with a 5A, 75V resistive load line. The time 
scale is 100ns per division. The table under the graph com- 
pares on delay time, rise time, off delay time, and fall time for 
each device. The times are measured in the normal manner, 
that is, involving the 10% and 90% points of the input voltage 
and output voltage waveforms. 


Note that: 
1. The rise and fall times are not symmetrical 
2. The L?FET is faster 


3. There is a “dynamic Visar)” type of behavior 


4. The “dynamic Visary)” is of a lesser amplitude for the 
L?FET 


These observations are discussed below. 


100 


RFM10N15L 


DRAIN VOLTAGE (Vp) (V) 
ai 
o 


0 500 1000 
TIME (n) 


GATE toron) | Yrs) | toiorF) | {rat 
TYPE DRIVE (ns) (ns) (ns) (ns) 
RFM10N15 | 0-10V 73 
(100nm) 
RFM10N15L 0-5V 57 
(50nm) 


FIGURE 4. DRAIN VOLTAGE vs. TIME CURVES FOR REPRE- 
SENTATIVE STANDARD AND L?FET DEVICES 


Switching Waveforms with Constant 
Current Drive 


The power MOSFET is a current driven device during transi- 
tions due to the charging or discharging of capacitances. In 
actual applications, most drive circuits exhibit a first order 
approximation to a constant current where the voltage com- 
pliance is determined by ground potential or the drive circuit 
power supply voltage. The on current may not equal the off 
current; this situation is addressed below. 


Figure 5 presents the curves for the RFM10N15 and 
RFM10N15L when each is driven from a current generator 
whose Ig; = Igo, with gate voltage limits of zero and 10 or (5) 
volts. The drive current is Kept the same for both devices in 
this case even though the L“FET receives less drive power 
or energy. The value for Ig; and Igg was chosen as 5mA,; the 
time scale is 1psS/division. 


Note that: 


1. The rise and fall times of a given device are the same with 
Current drive. 


2. The two devices have similar output waveforms in most 
regions. 


3. There is a persistent “dynamic Visa)" even at slow switch- 
ing speeds. 
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4. The “dynamic Visar)” curves are symmetrical during the 
low drain voltage portion of the turn on and turn off portion. 


5. The “dynamic Vigary” Curves are lower in amplitude by a 
factor of approximately two for the L2FET. 


R, « —RATED VOLTS 
L™ RATED AMPERES 


PERCENT RATED DRAIN VOLTAGE (%) 


FIGURE 5. CHARACTERIZATION CURVES FOR REPRESEN- 
TATIVE DEVICES DRIVEN FROM A CURRENT 
GENERATOR 


Large Signal Equivalent Circuit of the 
MOSFET 


If we are to understand the differences and similarities of the 
L?FET relative to the conventional power MOSFET, the 
conventional power MOSFET must first be understood. Fig- 
ure 6 shows a properly proportioned cross sectional view of 
the power MOSFET. 
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FIGURE 6. CROSS SECTION OF POWER MOSFET 


When the drain voltage is very low and the gate is forward 
biased, an accumulation layer exists for the n- region 
beneath the gate. This layer may be thought of as serving 
the function of the drain for the lateral MOS. In addition, it 
serves as a source for a vertical depletion mode JFET. The 
gate of the JFET is formed by the body diffusion, particularly 
in the neck region. The JFET drain is the n+ region usually 
though of as being the MOSFET drain. This situation is 
shown in Figure 6, where the cross sectional view of the 
MOSFET is shown. The lateral MOS and the vertical JFET 


are schematically implied by the left half of Figure 6. The 
right half indicates the edge of the depletion width for several 
drain voltages. Note how the JFET pinches off, such that 
increased drain voltage is supported predominately by the 
JFET. This structure is schematically represented as shown 
in Figure 7. Note that the third quadrant diode is caused by 
the p-n junction associated with the gate and drain charac- 
teristic (common to all JFETs). A parasitic n-p-n transistor is 
not shown, nor is it discussed in this Note. Voltage node (4) 
is within the device, and is not precisely a single node, as 


represented. 


FIGURE 7. SCHEMATIC REPRESENTATION OF THE CROSS 
SECTION OF FIGURE 6 


interelectrode Capacitance 


The equivalent circuit of Figure 7 contains four voltage 
nodes. Therefore, six capacitors will exist to couple these 
nodes. The switching waveforms are determined by these 
capacitors and the small signal equivalent circuit of the MOS 
and JFET. Of course, the MOS and JFET small signal equiv- 
alent circuits are nonlinear functions of voltage and current 
and invariant with frequency. Similarly, the capacitors are 
nonlinear with voltage and current. 


Industry data sheets show three terminal characterization of 
this four node network at zero drain current. Under this con- 
dition, the transconductance and output resistance are zero 
and infinity for both the MOS and the JFET. This condition 
reduces the power MOSFET to the capacitor network of Fig- 
ure 8, which may be replaced by three capacitors. Note that 
this situation is valid only when no MOSFET current flows. 


C23 


Cis 


FIGURE 8. CAPACITOR NETWORK REPRESENTATION OF 
THE POWER MOSFET 


When current does flow, node (4) of Figure 7 is a low imped- 
ance node due to the source follower characteristic of the 
JFET. Similarly, nodes (1) and (3) are generally low imped- 
ance nodes by virtue of the ground reference and the load 
resistance. Therefore, capacitive currents will usually be sig- 
nificant only to the input node, (2). Capacitors C;5, Cog, and 
Co4 are examined below over most of the switching regime 
when current is flowing. 
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Gate to Source Capacitance, C,> 


When all of the die except the actual MOSFET cells are 
ignored, Figure 6 shows that the gate to source capacitance 
(C12) is that from the poly gate upward through the thick 
oxide to the source metal. In addition, there is a contribution 
from the poly gate to the n+ source through the thin gate 
oxide. Additionally a fringing capacitance exists at the edge 
of the polysil gate. These components of Cy. are invariant 
with voltage and current. There is a fourth component from 
the poly gate to a region about half way along the MOS 
channel through the gate oxide. This component is actually 
distributed, and varies somewhat with current and voltage. 


Gate to Drain Capacitance, C2, 


Capacitor Co3 exists only when no accumulation layer is 
present beneath the poly gate. Otherwise, the accumulation 
layer acts as an electrostatic shield. This layer exists when- 
ever the drain voltage immediately beneath the gate oxide is 
essentially negative relative to the poly gate. In addition, the 
Capacitive coupling from drain to gate diminishes greatly 
when the JFET is pinched off. Therefore, Co3 exists for only 
a small range of drain voltage. In addition, it should decrease 
rapidly as the pinch-off voltage level is approached because 
the effective area of concern is closed off similarly to the 
aperture of a camera (for a hex cell). 


Gate to Internal Electrode Capacitance, C., 


Capacitor Co, is rather large for positive gate voltages. It is 
made up of that area between the poly gate and the accu- 
mulation layer, plus some of the area between the poly gate 
and the middie of the MOS channel. In both cases, the 
dielectric is the thin gate oxide. So long as the gate voltage 
is positive relative to the n- layer beneath the poly gate, the 
accumulation layer exists and Co, is invariant. This accumu- 
lation layer ceases to exist when the external drain voltage 
minus the IR drop through the n- neck region approximately 
equals the gate voltage. The area associated with the accu- 
mulation layer (JFET cathode) rapidly decreases with 
increased drain voltage. In addition, a depletion layer may 
now form, leading to a further reduction of Co,4. 


Waveforms Expected from the Model 


The following discussion relates the prior model discussion 
to the waveforms of Figure 5. The discussion begins with the 
gate voltage at +5V or +10V and the gate current equal to 
zero. This condition corresponds to saturated behavior, 
where the drain current is approximately equal to Ip(max) 
and the drain voltage equals Ip(max) times Rps(ON). 


Gate Voltage Slope - togs Delay 


As time progresses, Ig = -5mA, which must flow through C,>5 
+ Coz + Coq of Figure 8 because the MOS and JFET are 
both heavily biased into conduction. Therefore, dV4/dt = dV3/ 
dt = nearly 0. With large positive gate bias and drain voltage 
near zero, Co3 is zero and Cy and Co, are constant. As a 
result, the gate voltage should be a straight line with a slope 
equal to: 


WV g/dt = Ie/(C12 = Coa) (1) 


Gate Voltage Plateau 


As the gate voltage decreases, the drain voltage will 
increase imperceptibly at first until the gate voltage drops 
enough to bias the MOS into its constant current mode. At 
this point, the very high transconductance of the MOS is 
consistent with very littke change in gate voltage to reduce 
the current by several percent. Several percent change in 
drain current corresponds to many volts in drain voltage. As 
a result, the gate current no longer flows from C1. during the 
constant gate voltage plateau. 


Drain Voltage Shallow Slope 


Since Co; is still zero, all gate current must flow from Co,. 
Assuming that the gate voltage is plateaued and that the 
JFET is still heavily forward biased, node 4 of Figure 7 must 
ramp at linear rate. Therefore, the JFET must also ramp at 
this same rate. 


dV _/dt = Iq/Co,4 (2) 
Again this curve will approximate a straight line. 
Drain Transition Voltage 


As mentioned above, C2, rapidly decreases once the drain 
voltage is slightly greater than the gate voltage. (Actually, 
this voltage is the n- voltage directly beneath the gate oxide, 
and differs from the drain voltage by an amount nearly equal 


to Ipps(on).) 


Since the drain voltage is still fairly low and the drain current 
has not changed much, the gate plateau voltage still exists. 
Equation 2 still applies except that the value of Cj, has 
materially decreased and Co3 has become finite. This situa- 
tion results in a substantial increase in dVp/dt. 


JFET Pinch Off Voltage - Drain Voltage Steep Slope 


As the drain voltage approaches the pinch off voltage of the 
JFET, the JFET comes out of saturation and starts to support 
MOSFET drain voltage. The voltage gain of the active JFET 
permits large changes in the JFET drain voltage for small 
changes in its source-to-gate voltage. But the JFET sour-to- 
gate voltage is the lateral MOS drain-to-source voltage, which 
is dominated by equation 2 (but for low values of Co,). 


Gate Voltage Curvature from Plateau 


As the drain voltage increases, the drain current decreases. 
This condition requires significant decrease in gate voltage 
until the gate threshold is approached. A significant portion 
of the gate current must now flow through C,5. This flow pro- 
duces a gradual transition in the gate voltage and some 
slowing of the drain voltage waveform. 


Gate Voltage Slope - tion) Delay 


When the drain is totally off, most of the gate current flows 
from Cy. Again, this capacitance is constant, so that the 
waveform is a straight line with a slope equal to: 


dV,/dt = IG/Ci2 (3) 
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FIGURE 9. TEST CIRCUIT 


New Switching Characterization for 
Power MOSFETs 


The above discussion suggests that a new method of char- 
acterization may be provided for resistive switching with 
power MOSFETs, where constant current gate drive is 
employed during the transition time.! The below method 
bears some similarity to the gate charge concept.” The state 
of the gate charge is a continuous plot in this work, however, 
rather than a single point. This approach permits a knowl- 
edge of all waveforms with any drive circuitry, rather than just 
the total elapsed time. In addition, the total elapsed time is 
fixed (at just under 50 microseconds) by choosing the 
required value of constant gate current. Circuit designers are 
usually more comfortable with milliamperes and microsec- 
onds (although the product is charged in nanocoulombs). 


Test Circuit - Drive 


A test circuit is shown in Figure 9. The heart of this circuit is 
the Harris CA3280 integrated circuit. This is an operational 
transconductance amplifier (OTA) operated as a comparator. 
An OTA is a current output circuit where the output current 
and output transconductance are programmed by the ampli- 
fier bias current (lagc). Internal chip circuit feedback assures 
an extremely high output impedance within a compliance 
range established by the supply voltages. The circuit of Fig- 
ure 9 is actually two OTA’s in parallel. The linearizing diodes 
on this chip are not used. 


A value of lagc is established from the collector of the 
2N4036. The current into the load (the gate of the MOSFET 
under test) may be varied between +lagc and -lagc times a 
constant of proportionality (approximately 0.9). The actual 
value depends upon the input differential input voltage. As a 
comparator, the differential voltage is large resulting in satu- 
rated behavior of tlagc. If the gate voltage comes within a 
volt of the rail voltages, this current goes to zero, producing a 
clamping voltage. For the purposes of this Note, these sup- 
ply voltages are adjusted to clamp 0 volts and +10 volts for 
the normal n-channel MOSFET. The behavior of this IC is 
excellent from submicroamperes to about 2.5mA. Higher 
current may be achieved by stacking many CA3280 pack- 


ages one on top of another and soldering the leads parallel 
to the chips rather than wiring many sockets. However, this 
arrangement may require an increase in the bypass capaci- 
tor values. 


A CA3240E MOS input op amp is used as a unity gain fol- 
lower. Otherwise, the 1mQ or 10mMQ shunting impedance of 
the scope would load the high impedance circuitry associ- 
ated with the MOSFET gate. 


Testing Conditions 


A pulse generator is set for 50s on time duration and 
approximately 25ms repetition rate (about 0.2% duty cycle). 
The + clamp voltages are set to the appropriate values. The 
power MOSFET load resistor is chosen to equal the maxi- 
mum rated voltage divided by the maximum rated current. 


With a low value of drain supply voltage, observe the gate 
voltage while adjusting lagc. A convenient set of conditions 
occurs when a short dwell time of several us exists at the 
+10V level. Minor adjustments may be desired for lago as 
the drain supply voltage is increased to maximum rated 
value. The L2FETs would be tested at +5V gate clamp. 


Figure 10 exhibits the pertinent waveforms for an 
RFM15N15. All power MOSFETs have similar waveforms. 
Figure 10(a) is the 3V signal to the CA3280. Figure 10(b) is 
the power MOSFET gate current. In this example, the ampli- 
tude is t1mA with a third state of OmA. Figure 10(c) displays 
the gate voltage and the drain voltage, 10V peak-to-peak 
and 150V peak-to-peak. Figure 10(d) is a piece wise linear 
approximation of Figure 10(c). The datum line is zero volts 
and applies to both waveforms. The time scale of the wave- 
forms of Figure 10 is 100ps full scale. 


There are some features of the gate and drain voltage wave- 
forms that should be noted. These features are consistent 
with the equivalent model discussion. 


1. The waveforms during the positive gate current time are 
symmetrical to those during the negative gate current 
time. Exceptions will occur for very fast or very slow 
switching, and for nonsymetrical current drive. These ex- 
ceptions are discussed in the following. 
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2. The drain voltage waveform contains a rather steep slope 
with a fairly constant dv/dt over most of the drain voltage 
excursion. 


3. The drain voltage contains a rather shallow slope with a 
fairly constant dv/dt over the remainder of the drain volt- 
age excursion. 


4. The drain transition voltage (defined as the intercept of the 
above two near straight lines) typically occurs when the 
drain voltage equals the sum of the gate voltage (at that 
instant of time) plus the product of the drain current times 
'ps(on). 


5. The gate voltage waveform contains three near straight 
line segments during the positive gate current transition 
time. 


(B) 


(C) 


(D) 
FIGURE 10. (A) 3V SIGNAL TO THE CA3280, (B) POWER MOS- 
FET GATE CURRENT, (C) GATE AND DRAIN 
VOLTAGE, (D) PIECE WISE LINEAR APPROXIMA- 
TION OF 10(C) 


Application of the Switching Data 


Figure 11 is a family of curves similar to Figure 10(C), where 
the drain supply voltage is fixed at four values. Note that the 
ordinate is 10V full scale for the gate voltage, while it is nor- 
malized to 100% of maximum-rated drain voltage for the 
drain-voltage curves. All four sets of curves are taken with a 


predetermined gate current, tly. The abscissa is also nor- 
malized to 100 (Iy/lg) microseconds full scale, where Ig is 
the actual gate drive current. With this characteristic curve, 
switching behavior may be readily predicted for almost any 
driving circuit, provided the load is resistive. 
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FIGURE 11. CURVES SIMILAR TO THOSE OF FIGURE 10(C) 
WITH DRAIN SUPPLY VOLTAGE FIXED AT FOUR 
VALUES 


Symmetrical Current Drive 


Waveforms of Figure 11 will scale in an inverse manner with 
gate current. Driving current was varied from +200mA to 
+2yA for the device of Figure 11. Measurements of delay 
time (on), rise time, delay time (off), and fall time are plotted 
in Figure 12 and compared to the inverse scaling suggested 
by Figure 11. 
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FIGURE 12. VARIOUS TIME MEASUREMENTS COMPARED TO 
THE INVERSE SCALING SUGGESTED BY 
FIGURE 11. 


It is anticipated that very slow switching (in the millisecond 
region) will result in the chip thermally tracking the power 
dissipation, which would cause some deviation from the 
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inverse scaling. This condition was not noted on Figure 12 
for gate currents as low as t2u/A. 


Large gate currents result in very fast switching waveforms. 
The gate of each hex cell is accessed through a gate pad 
and gate runners, which are of a low resistivity metal 
followed by buried polysilicon of a moderate resistivity. As a 
result, the high gate currents cause a propagation delay to 
exist for those cells far removed from the gate runners. This 
effect is not seen in Figure 12, even though the gate current 
was increased to t200mA. 


Asymmetrical Current Drive 


The positive and negative gate drive will often be dissimilar. 
Of course, the scaling must reflect this situation. At other 
times the gate current varies with amplitude. This condition 
is always true when driving from a pulse generator of fixed 
resistance. Piecewise linear methods will yield the gate 
current, which will permit the proper piecewise linear scaling. 
This calculation could be done in the following manner: 


1. Mark eleven small x’s along the gate waveform of Figure 
11 dividing it into 10 equal voltage segments; for example, 
Vg =0, 1, 2,...9, 10V. 


2. Draw a vertical line through each x the full height of the fig- 
ure, creating 10 time segments. 


3. If the driving-pulse amplitude is 0 to 10 volts with an inter- 
nal resistance of 100 ohms, calculate the piecewise linear 
gate current for each time segment. Ig; = (10 - 0.5)/100 = 
95mMA, Igo = (10 -1.5)/100 = 85mA, etc. 


4. Then scale each waveform within the pertinent time seg- 
ment by the proper gate current. 


5. Smooth the curves. 


6. Create 10 more time segments for the right half of Figure 
11 corresponding to an average gate voltage of 9.5,8.5, . 
.. 1.5, 0.5 volts. Call these segments 11,12,... 19,20. 


7. In that the pulse-generator voltage is now zero volts, cal- 
culate Ig as: 
le11 = (0-9.5)/100 = -95mA, Igo = (0-8.5)/100 = -85mA, 
etc. 


8. Repeat 4 and 5. L?FETs would be treated with smaller 
voltage segments. 


Generally, the gate-voltage plateau of Figure 11 will not be 
located at the middle of the pulse-generator amplitude (5 
volts). As a result, rise and fall times measured this way 
experience differing gate currents and are “nonsymetrical’. 
This type of measurement will also lead one to observe 
temperature sensitivities, load-current sensitivities, and 
device-to-device variability, all of which are more circuit 
dependent than device dependent. 


Source-Lead Inductance 


The gate-voltage waveforms may be corrected by the 
voltage across the source-lead inductance and external 
inductance, which may be mutually common to the input and 


output current loops. This voltage, L di/dt, may be 
approximated and applied to the gate-voltage waveform after 
scaling Figure 12 for the actual gate currents. Generally, this 
effect is not appreciable for gate current small relative to 
+100mA. A very loose circuit wiring arrangement with inches 
of mutually common source wire will exaggerate this effect. 


Gate Voltage Propagation Effects 


Most power MOSFET applications need switch no faster 
than tenths of a microsecond, but should faster switching be 
required, this section will become important. It must be 
understood that the power MOSFET appears as a 
distributed network of many cells when used for very fast 
switching. 


The thousands of individual MOSFET cells are connected in 
parallel with highly conductive metal for the sources and 
drains. However, the gates are paralleled with a moderately 
conductive film of doped polysilicon. As a result, a very steep 
voltage waveform applied to the gate pad will bias those 
cells close by, but a delay will occur for turn on or turn off. 
Because of the nonlinear “input capacitance” of each cell, 
the delay cannot be characterized by a pure number of so 
many nanoseconds. 


Presently, most manufacturers characterize typical switching 
speed for a single test condition. The test conditions are 
usually chosen to present the most favorable result, usually 
near the upper limit of usefulness. 


Figures 13(A), (B), and (C) show the increasing effect of gate 
voltage propagation. The gate waveform is the only one 
shown because the drain is not affected so drastically. This is 
true because some cells are overdriven, offsetting the effect of 
the starved cells. Care must be exercised when operating with 
large gate effects similar to those of Figure 13(C). 


FIGURE 13. CURVES SHOWING THE INCREASING EFFECT OF 
GATE VOLTAGE PROPAGATION 
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Gate-propagation effects may be reduced by the following 
design methods: 


1. Many gate runners. 

2. More conductive polysilicon. 

3. Silicide rather than polysilicon gates. 
4 


. Less cells (resulting in lower transconductance and higher 


Ron): 
5. Substantially different lateral and vertical structure. 
6. High-frequency packaging. 


None of the above methods will yield “breakthrough” devices 
unless used in combination. 


Any of the previous methods require trade-offs which would 
not be attractive to the needs of most components users. 
These trade-offs are in the realm of: 


1. Reduction of Roy per unit area. 

2. Decreased yield. 

3. Added cost (beyond the cost of yield impact). 

4. RFI, self-oscillation, and other problems characteristic of 
very fast devices. 
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The CA3228E Speed Control System is a monolithic 
integrated circuit originally designed for automotive cruise 
control systems; its block diagram is shown in Figure 1. The 
completeness and self-contained nature of the circuit can be 
appreciated by examination of the typical automotive 
application shown in Figure 2. Both I@L logic and linear 
circuit design are combined to provide the primary functions, 
feature enhancements and safety backup necessary for a 
high-performance cruise control system. But its fully 
facilitated feedback system makes the CA3228E useful in a 
wider range of applications. The information provided in this 
Note will aid the user in applying the circuit to applications 
such as electric motor speed controls, engine speed 
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APPLICATIONS OF THE CA3228E SPEED CONTROL SYSTEM 
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controls, and rate controls for manufacturing systems. In 
fact, any powered system may be controlled with the 
CA3228E's accelerate or coast to a set speed adjustment 
and resume speed after braking (or safety stop) adjustment. 
Special features of the CA3228E include a single command 
line control and controlled PLL acceleration. 


Overview 


As shown in the detailed block diagram of the CA3228E in 
Figure 1, the primary function of the circuit interface to the 
logic control section is to provide a complement of capability 
in both linear and logic design. The command decode circuit 


@ GROUND @) 


DRIVER 
COMMAND GATE [—(23) OUTPUT GATE 
iL 
COMMAND 
CONTROL 
DELAY Lone Ee VENT }-—{21) VENT CONTROL 
: (22) VACUUM CONTROL 
OSCILLATOR (5)->] OSCILLATOR Ga) CONTROL 
OVER SPEED RESUME tha aia a 
DETECTOR DETECTOR (20) CONTROL AMP (+) 
BRAKE INPUT (12) 
ia (18) CONTROL AMP (-) 
ERROR 
SPEED AMP 
MINIMUM 
SENSOR INPUT ancen >. (16) VERROR 
SENSOR 
sil Sy} |e 1F-3\o@ ACCELERATE 
i RESISTOR 
FIV FILTER (40 ACCELERATE 
: ANALOG TO — 
Ss 
vg @Y) “aiene % ACCELERATE 
(5) Capacitor 
. CONVERTER 
M 
v Memory (6) 


CURRENT 
SENSE 


CURRENT SENSE 


Copyright © Harris Corporation 1994 


FIGURE 1. BLOCK DIAGRAM OF THE CA3228E SPEED CONTROL SYSTEM 
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FIGURE 2. A TYPICAL APPLICATION OF THE CA3228E IN AN AUTOMOTIVE CRUISE CONTROL SYSTEM 


determines which of five possible commands will be sent to 
the control logic. The frequency-to-voltage converter (F/V) 
accepts changing frequency signals and converts them to 
their linear representation in DC voltage. 


An important feature of the circuit is a 9-bit A/D-D/A circuit, 
which stores a selected speed after the set/accel or coast 
command signal is sent to the command decoder. Within the 
constraints of speed-range and brake-sensing conditions, a 
mode switch activates an acceleration rate amplifier to main- 
tain a cruise condition or to control a manual acceleration 
override condition. Any detected errors are amplified and 
routed to the control amplifier, which drives the output 
switching circuits; a built-in deadband eliminates overlap in 
the activation of the servo controls. 


The A/D-D/A circuit consists of a 9-bit shift register which is 
clocked by an on-chip oscillator and current generators that 
sum the result of the stored bit information. The current is 
converted to voltage in a resistive load, and can be 
monitored at pin 6 as the Vy of the IC. The V,, output voltage 
is also sent to a memory update comparator where it is 
compared to the F/V output voltage, Vs. When a set/accel 
or coast command is finished and a return to idle is 
established (no switch contacts), the D/A clocks until Vy = 
Vs. The memory update comparator stops the clock when 
Vu = Vs, and the speed is stored in the bit register. 


The broader prospects for use of the CA3228E are apparent 
if one considers all the electromechanical system possibilities 
that are adaptable. Some of these possibilities are: 


¢ Automotive Cruise Control 
¢ AC or DC Motor Speed Control 
e Master/Slave Engine or Motor Speed Controls 


¢ Manufacturing Conveyor Rate Control (With Safety/Over- 
load Cutout) 


Oscillator Frequency Reset 


Wire/Ribbon Processing Rate Control 


Air or Fluid Rate Movement Control 


Air or Fluid Temperature Control 


The characterization of the F/V converter circuit given below 
shows the many features of the CA3228E that permit a 
flexible interface between it and a variety of sensor 
conditions. Because of the many combinations of user input/ 
output conditions that may be used for control, it is important 
to note that a single control wire provides the input for the 
five major commands (nonmetallic chassis requires a 
ground wire). This feature provides a cost savings along with 
design flexibility. 
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Command and Control Functions 


The speed control functions and their descriptions are listed 
in the following table. 


CONTROL FUNCTION 


OFF (Note 1) | Deactivates the device logic and erases memory. 
V3 S$ 0.094 Ver 


ON (Note 1) Activates device logic and initiates a standby 
mode, Vs 2 1.1 Voc or +100pA foliowed by Vs; = 
0.95 Voc (open switches). 


SET/ACCEL Momentary switch closure sets the current speed 
in memory. Acceleration continues at a constant 
rate when the switch is held closed. V, = 0.54 
Voc: Vs must be greater than 1.5 V, the minimum 
speed lockout (MSLT), discussed below, which is 
approximately 25mph in the system of Figure 2. 


Momentary switch closure sets the current speed 
in memory. When the switch is held closed, the 
servo disengages, causing the vehicle to slow- 
down. When the switch is released, the new 
speed is stored. During switch contact, V3 = 0.21 
Voc: 
Resumes a cruise condition if the speed is great- 
er than MSLT, a speed has been stored after an 
on command, and the brake or redundant brake 
have not been activated. If the speed is greater 
than the stored memory speed, the coast function 
will continue until Vs = Vu. V3 = 0.76 Voc: 


RESUME 
(Note 1) 


Other control functions that directly affect the operating mode of 
command setting are: 


At approximately 0.55 Voc or more, the brake in- 
put, V2, will place the system in standby, but a 
stored memory speed will be retained. A resume 
command will return the vehicle to cruise and the 
previous speed condition. 


CLUTCH Same input as brake (for manual transmission). 
DISABLE 


MSLT Minimum Speed Lockout is a low-speed inhibit. 
(Minimum This is an internal function that samples the F/V 
Speed converter output Vs. For Vs approximately equal 
Lockout) to 0.183 Voc or less, the set/accel, coast, and 


resume commands cannot be set. In the typical 
automotive application of Figure 2, MSLT is 
25mph. 


If the error amplifier output voltage V,,_ drops 
below 0.42 Voc, an internal comparator causes 
the system to go into the standby mode. This 
action assures that an excessive error in the 
servo loop will not cause an unsafe condition by 
providing an error speed dropout. In the 
application of Figure 2, the error speed is 
approximately 11mph. 


To provide immunity to noise and short duration 
pulses, the set/accel, coast, and on and off switch 
input hold times are delay controlled to 50ms by 
a 0.68mF capacitor at pin 4. For each command, 
a current charge delay is used to counteract 
switch bounce and to enhance noise immunity. A 
delay of 330ms is used for the resume command. 


REDUNDANT 
BRAKE 


COMMAND 
DELAY 


NOTE: 
1. This control function requires a momentary switch closure. 


In addition to the braking and command delay safety 
features, a gate enable output is available at pin 23. The 
output at this pin remains low during normal operation of the 
accel, coast and cruise modes; however, it goes high for the 
brake, redundant brake, and low speed lockout (MSLT) 
commands, and during the high speed dropout condition of 
the resume mode. The normal applied circuit use of this 
feature is shown in Figure 2, where a low on the gate output 
at pin 23 permits the vent and vacuum drivers for the 
solenoid actuators to conduct through a saturated transistor 
common to the emitter of each driver. Should either the 
vacuum or vent driver transistor fail, the gate transistor would 
act as a safety backup, since it would be cut off and thereby 
mandate a standby condition. 


Command Decoder Input Circuit 


The command decoder input circuit is shown in Figure 3. 
Driver commands and their ranges of control are shown in 
Figure 4. Initially, the logic must be activated to an on and 
active standby state. This is done by setting the input emitter 
of Q38 at pin 3 to a higher voltage level than the Voc supply 
line in the IC. The current should be safely limited by using a 
10kQ resistor in series with pin 3. A current of 100A is more 
than sufficient to cause Q3, to conduct current to Q37, the 
transistor switch that activates the on state condition. A bias 
divider at pin 3 (shown in Figure 2) of 560Q and 10kQ 
establishes the command idie position after each 
momentary switch closure is completed. 


When switch contact is made and the pin 3 bias levels are 
properly set, four comparators select the resume, accel, 
coast and off driver commands. An internal resistive divider 
is used to bias one input of each comparator, while the other 
input is biased from pin 3. As shown for the off comparator, 
in which I59 and Io, interface to the FL logic, each of the 
comparators drives the PL logic through switching transistor 
gates. The logic section of the IC determines all further 
control requirements from the state of the four comparators. 


The control switching time is affected by the command delay 
Circuit associated with pin 4 (Figure 1) and the charging time 
of the 0.68uF capacitor at pin 4. The 0.68uF capacitor sets 
command delays of 50ms, except for the resume command 
which is 330us. The delay time is determined from two 
States of constant current drive to pin 3. Longer or shorter 
times may be set by changing the value of the pin 4 capaci- 
tor, but the ratio of other command delays to resume will 
remain the same. To calculate the capacitor value needed to 
change the time delay to the one desired, use the following 
equation: 


V=It/CorC=ItV 


where V is voltage, | is current, C is capacitance, and t is 
time. Since V and | remain fixed, equation matching yields: 


C1/C2 = ti/t2 
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FIGURE 3. DRIVER COMMAND INPUT COMPARATOR CIRCUIT AND LOGIC OUTPUT TO COMMAND DECODE 
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FIGURE 4. DRIVER COMMANDS AND THEIR RANGES OF 
CONTROL 


Frequency-to-Voltage (F/V) Converter 
Operation 


The schematic of Figure 5 shows the circuit of the F/V 
converter portion of the CA3228E. The input at pin 8 is 


normally the speed input from a speed sensor of the moving 
system. In normal use of the operating system, a frequency 
is applied at pin 8, which is a scale multiplier of the 
controlled system speed. For the circuit of Figure 2, the 
scale is 2.22Hz/mph and, with the components shown 
biasing the F/V converter, the conversion gain from pin 8 to 
pin 10 is typically 27mV/Hz. Under these conditions, the 
system performance parameters of the data sheet apply, 
including a normal speed-control range of 62 to 222Hz. In 
calibrating a normal range of F/V control for the Vs (pin 10) 
output, the frequency range in terms of voltage becomes 
1.67 to 6V. Typical voltage range values of 1.5V minimum to 
6.8V maximum are possible at the Vg output. 


Figure 6 demonstrates the flexibility and range of design 
capability of the converter function by showing converter 
range possibilities for various values of C8 and C9; the 
capacitors are selected to accommodate a given range of 
input frequencies. The capacitor at pin 8 is chosen primarily 
as a filter to provide good noise immunity. Resistor Rg and 
capacitor C8 provide both DC and AC overvoltage protec- 
tion. The normal range of sensor input voltage is 3.5 Vpp 
minimum to 15 Vpp maximum. 


As indicated by the capacitance versus frequency plot of 
Figure 6, the range of input frequencies may be changed; 


however, the minimum to maximum frequency ratio will _ 


always remain approximately the same. As an example, 
assume that it is desired to center the range of input 
frequencies at approximately 1000Hz. At this frequency, C9 
should be approximately 0.005uF and C8 approximately 
0.01pF. For these values, the minimum frequency at a Vs of 
1.5V is 500Hz; the maximum frequency at a Vs of 6.8V is 
2400Hz. 
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FIGURE 6. F/V CONVERTER RANGE EXTENSION WITH 
ADJUSTMENT OF C8 AND C9 


It is possible to extend the frequency range of the F/V con- 
verter to frequencies as low as 10Hz and as high as 500kHz. 
However, the loop stability of the lower frequencies may be 
difficult to control. Higher values become very dependent on 


stray capacitance, causing some loss of output linearity 
where the internal circuit becomes bandwidth limited. 


Input signal requirements at pin 8 are characterized by the 
voltage versus current characteristic of Figure 7. While the 
VI curve may appear to be complex, the drive requirement is 
explained simply by noting that the pin 8 input shown in Fig- 
ure 5 is made through a 2.8kQ resistor to the emitters of an 
n-p-n and a p-n-p transistor. When the signal input voltage 
polarity goes negative, Q98 conducts and changes the state 
of a latched current mirror (Q102, Q103, and Q104). The 
changing mode of the current source reflects back to the 
base of the input n-p-n transistor Q98, changing the DC level 
at pin 8. This change of state occurs when pin 8 is slightly 
negative (approximately 1 Ver). The abrupt change to a pos- 
itive voltage of approximately 2 Var is normal. 


The requirements of this change of state have some influ- 
ence on the design of the source input drive to pin 8. For the 
F/V converter input stage to switch properly, a current source 
drive such as an inductive pickup device or a transformer 
coupled signal source is preferred. In any case, it is impor- 
tant to note that the signal should swing negative to fully acti- 
vate the change of state. It is also preferred that the input 
signal be nearly centered with respect to the voltage zero 
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crossing. The external series 8.2kQ resistor at pin 8 must be 
used to limit peak currents, particularly when inductive 
pickup sensors are used. Inductively coupled circuits may 
produce transient pulses if any intermittent condition exists. 


0.2 


CURRENT (mA) 


0.1 


VOLTAGE (V) 


HYSTERESIS ~0-1 
NEAR ZERO 
CROSSING 


FIGURE 7. F/V CONVERTER INPUT CHARACTERISTIC PIN 8 
VOLTAGE vs. CURRENT 


As shown in the functional diagram of Figure 8, the second 
stage of the F/V converter is a pair of current generators that 
are used to produce both positive and negative ramp slopes 
when driven by the square-wave signal from the output of 
the first stage (at the collector of Q101). As shown in Figure 
9, the capacitor at pin 9 is charged and discharged by the 
fixed current sources which develop a truncated ramp signal 
of approximately 4 Vpp. The ramping signal is applied to a 
window comparator with reference points of 0.482 Vcc at the 
emitter of Q113 and 0.012VCC at the base of Q105 (see 
Figure 5). When the ramp is in the transition range between 
these voltage levels, a high output pulse (from an equivalent 
2 input NAND gate) drives the base of Q111. The compara- 
tor levels are determined from a resistor divider: R61, R62, 
and R63. The peak signal level is approximately 4V, while 
the minimum signal swing is nearly at ground level. The 
pulse width provided at the collector of Q111 is a function of 
the ramp transition time. 


CURRENT 
_ + SOURCE + 


is 
O.047uF AR (0.012Vo0) 


FIGURE 8. F/V CONVERTER COMPARATOR STAGE 


Since a pulse of fixed width is generated on each positive 
and negative transition of the input signal at pin 8, it remains 
to integrate the pulses to produce a DC voltage proportional 
to the input frequency. The integration is accomplished in the 


RC filter circuit of pin 10. Diode Q112 rectifies the current- 
driven pulses developed at the collector of Q111. 


Another important characteristic of the F/V converter is the 
absence of pulses from Q111 when no signal is present at 
pin 8. Diode Q112 remains reversed biased by any positive 
DC voltage applied to pin 10. Therefore, it is also possible to 
use a DC voltage signal input at pin 10 to directly control the 
servo feedback system. In many PLL control systems, a DC 
voltage signal is easily generated from position indicators. In 
the CA3228E, this capability provides the user with an alter- 
native to some of the restrictions that apply to the use of the 
F/V converter, restrictions that may require frequency divid- 
ing to accommodate the desired frequency range and band- 
width limitations on the chip. 
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FIGURE 9. PIN 9 F/V OUTPUT AND F/V FILTER SIGNAL AT PIN 10 


The range of the applied signal at pin 10 should be approxi- 
mately 2V to 6V. The input impedance at pin 10 is quite high 
due to the source follower stage that follows the pin 10 input 
and drives Pin 11 plus the V,’ output to the A/D converter and 
mode switch circuits. Pin 11 is a sample test point for the F/V 
converter output, Vs. The Vs’, signal is separately buffered 
and output to the A/D converter and mode switch circuits. 


To provide a stable temperature characteristic for the F/V 
converter voltage, external control of the current-source gen- 
erator has been provided. In the CA3228E, pin 7, Figure 10, 
represents a temperature-stable external sensitivity control 
point for the F/V converter output voltage Vs. The 43kQ tem- 
perature-stable metal-film resistor used to bias pin 7 drives 
the F/V converter current sources. The current drive gener- 
ated in the emitter of Q92 by this resistor provides a mirror- 
current bias to the F/V converter current-ramp Circuits. 


A/D Converter and Memory Update 
Comparator 


The signal Vs’, derived from the F/V converter output, Figure 
5, and the D/A converter signal, Vy, are internally fed to the 
memory-update comparator circuit of Figure 11. The Vy sig- 
nal may be monitored at pin 6. As noted in Figure 5, the Vg’ 
signal is also fed to pin 11 through a buffer amplifier. The sig- 
nal at pin 11 is the F/V converter output, Vs, and has a close 
tracking relation to Vs’, when pin 11 is biased with a 10kQ 
resistor to ground. In Figure 11, the V\, and Vg’ signals drive 
buffer amplifiers Q276 and Q277, respectively. From Q274 
and Q271 the Vg’ signal is sent to the error amplifier, over- 
speed detector and mode switch. The Vy signal is sent to 
the mode switch via Q275 and Q269. The Vs’ mode switch 
input (Figure 13) is at Q231 and the Vy input is at Q232. 
Transistors Q269 and Q271 also drive Q268 and Q270, the 
memory update comparator input transistors. 
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FIGURE 10. 1 OF 9 RIPPLE COUNTERS AND 2 OF 9 D/A CURRENT SUM OUTPUT CIRCUITS SHOWN WITH THE R/2R CURRENT 
SINK BIAS AND F/V CONVERTER CURRENT BIAS CIRCUIT 
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FIGURE 11. V,’ AND Vy BUFFERS WITH MEMORY UPDATE COMPARATOR AND MINIMUM SPEED LOCKOUT COMPARATOR (MSLT) 
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The block diagram of Figure 12 provides a broader 
perspective on the total operation of the D/A converter and 
stored memory operation by showing the signal flow by 
function. In Figure 12, the voltage developed by the F/V 
converter is Vs at the pin 11 monitor output, and is labeled 
as Vs, at the internal input to the memory update 
comparator. When, at a chosen speed, the accel/set or coast 
switch is depressed and then released, the command logic 
Clears the register and initiates clocking in the ripple counter. 
Clocking continues and successively increases the D/A 
converter current output in increasing stair step increments 
until the Vj, voltage resulting from the product of the current 
and the R38 resistor value is equal to Vg’. 


TO ACCEL RATE AND 
ERROR AMP 


9 BIT RIPPLE 
COUNTER 


rev} (or) 
V 
” POURGG gets SPEED 


FIGURE 12. MEMORY UPDATE COMPARATOR WITH MEMORY 
AND D/A CIRCUITS 


When Vy = Vs’, the memory update comparator changes 
state and sends a signal through output 1141 to the logic 
circuit to stop the clocking of the 9-bit ripple counter. The 
stored bits in the ripple counter continue to bias the D/A 
converter to produce the memory set Vy speed reference. 
Any further changes in Vs’, are compared to the Vy output 
of the D/A converter, which then provides the error signal for 
the servo control. (Refer to the Command and Control 
Functions section of this Note, above, for complete details of 
the command inputs that affect the stored speed setting.) 


The circuit of Figure 10 shows a portion of the 9-bit ripple 
counter and the D/A circuit_driven by the counter. Each cell 
of the 9-bit counter has a Qx output that drives its respective 
current source. When the counter is active, the summed out- 
puts of the D/A converter driven current generators are 
present on the Vy line and at pin 6. 


Mode Switch and Acceleration Control 


The mode switch of Figure 13 is that portion of the CA3228E 
whose inputs for Vs’ and Vy are Q231 and Q232, and 
whose output is through pin 15. Logic commands control the 
mode switch by controlling Q248, switch A; Q237, switch B; 
and Q250, switch D. When switch A is activated, Q248 is off, 
which allows Q232, Q240, Q241, and Q245 to conduct the 
Vw Signal to pin 15 and the base of Q251. Similarly, Vg’ is 
conducted to pin 15 via Q231, Q233, Q234 and Q244 when 
switch B (Q237 off) is activated. 


In the accel mode, switch D is open, allowing the accelera- 
tion-rate amplifier to dictate a controlled rate of acceleration. 
A switch D open corresponds to an active high signal from 
1100, which causes Q250 to conduct, and which, in turn, 
causes Q243 to conduct. The Q243 output to Q242 is then 
at an emitter-base saturation level and Q242 is cut off, which 
prevents Q244 and Q245 from conducting Vs’, or Vy to pin 
15 and Q251. 


Switch D is also open during resume ramp conditions. Note 
that Vs’, and Vy are in tracking modes when Q250 is open 
and Q242 is conducting. The Vy tracking mode is the 
closed-loop cruise mode. The Vg’, tracking mode applies to 
conditions other than cruise, accelerate, and resume. In the 
Vg’ or Vy tracking modes, Q235 or Q246 supplies current to 
the base of Q242. The Q242 collector output supplies the 
current that charges the capacitor at pin 15. 


The acceleration-rate amplifier controls a fixed rate of accel- 
eration by providing an internal charging voltage and an 
external RC time constant at pins 14 and 15. When the 
acceleration circuit is active, Q135 is off and current source 
Q261 conducts current through Q266. Current-mirror circuits 
also control current through R132 and produce a fixed volt- 
age offset in the signal path from pin 14 through Q266, 
R132, and Q263. In the active accelerate mode, an offset 
voltage is present at the bases of Q251 (pin 15) and Q257. 
The offset signal that is present at the base of Q257 is also 
the output of the acceleration rate unity gain source follower 
amplifier. The voltage generated across resistor R132 is 
approximately 0.45V, and is the charging voltage for the 
external resistor and capacitor. The typical values of the 
external R and C are 2.4MQ and 2.2uF. Since the accelera- 
tion voltage that charges the external circuit is constant, lin- 
ear approximations to the rate of change may be used. 
Using the equation: 


V=It/C 
V/t = /C = 0.45/RC 


Since V in the equations represents a fixed velocity-error 
voltage, V/t = 0.45/RC represents a fixed rate of accelera- 
tion. It is therefore possible to change the acceleration rate 
by adjusting the RC values. The desired rate of acceleration 
is based on system factors associated with the servo feed- 
back loop. The values shown in this Note are for a typical 
automotive application. Since very low currents are used, 
the capacitor must also have a low leakage. For the condi- 
tions shown in Figure 2, charging current is 0.188,A. 
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FIGURE 14. ERROR AMPLIFIER SHOWN WITH BIAS “ALIGN” SETUP CIRCUIT 
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Error Amplifier 


The output signal of the acceleration rate amplifier is fed to the 
error amplifier, the overspeed detector, and the resume com- 
parator. Under normal cruise conditions, the error amplifier 
continues to correct speed errors when Vj’ deviates from Vjy. 


The error amplifier, Figure 14, is a part of the signal flow path 
of the feedback loop. The amplifier has an internal differen- 
tial input and an output at pin 16. When the system is in a 
Vs’ tracking mode, Vs’ is present at both inputs. When the 
system is in a Vy tracking mode, the error signal is present 
at pin 16. The output signal of the error amplifier is externally 
coupled to the control amplifier at pin 18. Internally, the error 
amplifier output is fed to the redundant brake comparator. 
The error amplifier serves the error summing function of the 
servo loop and, as such, is a unity gain source follower. 


The bias “align” function circuit is shown with the error ampli- 
fier circuit in Figure 14. The output at pin 17 is 0.5 Voc and 
may be used for bias and setup. Current drain at pin 17 
should not exceed 1mA. 


Control Amplifier 


The control amplifier shown in Figure 15 receives the signal 
from the error amplifier output at pin 16. Pin 18 is the nega- 
tive input with respect to the control-amplifier output at pin 


19, and pin 20 is the positive input with respect to the same 
output. The control amplifier may be regarded as a normal 
op amp whose gain is controlled with external feedback. 
However, the output signal is also internally coupled to the 
Output vent, vacuum, and gate driver circuits. The open-loop 
gain, Ag, of the control amplifier is typically 800. Figure 16 
shows the control-amplifier bias configuration with pin 20 
connected to an external divider at approximately 0.5Vcc 
and a variable feedback to pin 18. In the normal input circuit 
for pin 18, as noted in Figure 2, R16 and R19 are typically 
10kQ and 1MQ, respectively. 


Because the vent and vacuum driver amplifiers have a gain 
dependent controlled deadband, the feedback versus gain 
characteristic of the control amplifier is as shown in the 
curve of Figure 16. The curve follows the classic feedback 
gain equation and is approximately equal to R19/R16 for 
ratios less than 50. However, the approximation is less accu- 
rate for ratios in the 100 range where the error is 15%. The 
feedback versus gain characteristic of the application circuit 
of Figure 2 is typically centered at a ratio of 100. Figure 17 
shows the deadband of the output vent and vacuum amplifi- 
ers as a function of the R19/R16 ratio; the output drive cir- 
Cuits are discussed in further detail in the following. 
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FIGURE 15. CONTROL AMPLIFIER AND OUTPUT DRIVERS 
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FIGURE 16. CA3228E FEEDBACK RATIO VERSUS CONTROL 
AMPLIFIER GAIN (WITH FEEDBACK) 


Output Drive Circuits 


The nomenciature of the output-drive circuits has been cho- 
sen to represent a normal vacuum-controlled actuator. Vac- 
uum control of the actuator is intended to provide 
acceleration while vent control provides a relaxation or coast 
function. The output-drive circuits consist of amplifier drivers 
for the vent, vac (vacuum), and gate-output terminals at pins 
21, 22, and 23, respectively, as shown in Figure 15. 


A single input from the control amplifier controls the vacuum 
and vent outputs. The signal is passed through R91, a 30kQ 
resistor, and the base of Q171 to a differential amplifier that 
controls the vacuum output. The base of Q171 is also com- 
mon to the base of Q166, which is the differential-amplifier 
input that controls the vent output. The differential amplifiers 
for the vacuum and vent functions have reference inputs tied 
to a resistor divider composed of R87, R88, and R89. 


The tap ratio for the Q168 input (comparator reference for 
the vacuum output) is at 57%. The tap ratio for the Q167 
input (Comparator reference for the vent output) is at 43%. 
When the control amplifier input is less than 0.43 Voc, both 
vacuum and vent drivers are switched low or remain in a sat- 
urated on state. They remain on as long as the divider tap 
voltages are higher than the control amplifier input voltage. 
This situation defines a relaxed servo or coast mode. 


When the control amplifier input voltage exceeds the 0.43 
Vcc tap level, the Q166 differential input voltage forces the 
base of Q160 and the collector of Q161 at the vent out put to 
switch high. While the vent output is high and the vacuum 
Output low, the system is in the deadband, which is the nor- 
mal cruise mode. However, as the control-amplifier input 
voltage is further increased to the 0.57 Voc tap level, both 
the vent and the vacuum outputs are switched high. The vac- 
uum output switches to the high state when the base input of 
Q171 exceeds the 57% tap reference for Q168 and causes 
Q159 to switch off. When both the vent and vacuum outputs 
are high, the system is in a state of acceleration. As noted 
on Figure 2, the state of each mode is dependent on the 
external normally open (N.C.) and normally closed (N.C.) 
solenoid polarities. 


The above action assumes that the gate output is low, permitting 
the external drive circuits of Figure 2 to function normally. The 
gate output remains low for acceleration, cruise, and coast func- 
tions. For brake, redundant brake, overspeed and minimum 
speed conditions, the gate output is high, which prevents accel- 
eration and forces the system into a noncontrollable state. The 
gate output is forced high, and the vacuum and vent outputs low, 
by an internal logic switch, 1103, that disables the output drivers. 


The deadband of the output drive circuit is fixed by resistor 
ratio, but can be controlled through the gain of the control 
amplifier. it should be noted that measurement of the dead- 
band or tap ratio points requires forcing of the drive voltage to 
the control amplifier and measuring of the voltage at pin 19 
when the vacuum and vent outputs change state. The circuit 
of Figure 2 was used to generate the curve in Figure 17, 
which shows the variation of the deadband range when the 
gain of the control amplifier is changed by changing external 
feedback. The deadband range is shown in Figure 17 ina mV 
spread as a Vs reading at pin 11. As the control amplifier gain 
is made to approach unity, the deadband approaches the 
actual tap voltage separation of 1.19V when Voc equals 8.2V. 
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FIGURE 17. DEADBAND VOLTAGE RANGE IN OUTPUT CIR- 
CUIT AS A FUNCTION OF CONTROL AMPLIFIER 
FEEDBACK RATIO (GAIN ADJUSTMENT) REFER- 
ENCED TO vs AT PIN 11 


Redundant Brake 


When the speed-control system is in the cruise mode, the redun- 
dant brake comparator (shown in Figure 18) may become active 
if significant error voltage develops at the output of the error 
amplifier. Specifically, if loading or braking is causing the speed of 
the system to be reduced, the redundant brake comparator 
senses that the speed is falling off. When the error developed 
reaches a difference speed of 1imph, the redundant brake com- 
parator switches logic gate 1136, which causes the system to go 
to the standby mode. More generally, when the voltage at pin 16 
drops below 42% of the Voc supply voltage, 1136 switches state. 
There is an additional output from the redundant brake through 
1135; this output remains high during cruise and acceleration 
modes. 1136 inhibits the acceleration rate amplifier by controlling 
the E switch. (Also see Figure 11.) 
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The conditions that determine the operation of the brake and 
redundant brake can be determined from the acceleration 
and sensitivity factors discussed above. The sensitivity of the 
F/V converter is approximately 27mV/Hz. For the system of 
Figure 2, the system magnetic speed sensor ratio is 2.22H2/ 
mph. Multiplication of these factors yields a ratio of 59.94mV/ 
mph. Dividing this ratio into the 450mV offset designed into 
the acceleration rate amplifier provides a result of 7.5mph. 
Comparison of this result to the 11mph error allowed before 
the redundant brake becomes effective indicates that there 
is a wide enough safety margin to prevent redundant braking 
during acceleration. 


A special feature of the CA3228E prevents extraneous noise 
from switching the redundant brake output and causing the 
system to go into standby. This feature is provided by a 4-bit 
shift register that is used as a digital filter to clock all four out- 
puts of the shift register to 1's before a 4-input AND gate can 
switch the logic to standby. 


Brake Input Comparator 


The brake input comparator, also shown in Figure 18, is a 
comparator amplifier driving an inverter logic gate (1142). 
When the brake input is greater than 0.55 Voc, as deter- 
mined by the resistor divider composed of R77 of 20kQ and 
R75 of 24.5kQ, the 1142 gate output changes state. The 
brake input is normally connected through a current limiting 
resistor to the brake switch, and is in parallel with the brake 
light. The change of state at the output of the brake input 
comparator drives the command decoder which places the 
system in standby. 


Minimum Speed Lockout 


The minimum speed lockout (MSLT) comparator shown in 
Figure 11 senses the speed voltage V,’, and compares it to 
the output of a fixed resistor divider. When Vs’ drops to less 
than 1.5V, the comparator switches, which sends a signal to 
the control logic that places the system in standby. If Vg’ is 
initially less than 1.5V, the system cannot be set in the cruise 
mode. The divider ratio of 0.183V¢c is approximately 1.5 V 
for a normal Vcc of 8.2V. For a speed sensitivity factor of 
59.94mV/mph, 1.5V is equivalent to 25mph. 


Overspeed Detector and Resume 
Comparator 


The associated functions of over speed detector and resume 
comparator are shown in Figure 19. From the normal condi- 
tion, where a speed is set in memory and cruise is being 
maintained, it may be desired to increase speed and then 
return to the cruise mode. If the range of speed increase is 
large, it is best not to use the accel mode but to manually 
accelerate to the higher speed and then press the set/accel 
switch. An over speed detector comparator compares Vs’ 
and Vy and controls the logic to assure a smooth transition. 


During acceleration, Vs’ is greater than Vy. When the set/ 
accel command is given, the logic turns on Q250 (Figure 13) 
and the capacitor at pin 15 is rapidly charged. When the volt- 
age at pin 15 is within 60mV of Vs’, the over speed detector 
output is switched low. At that point, further Vs’ correction is 
assumed by the acceleration-rate amplifier under fixed-rate 
conditions. The overspeed detector maintains the 60mV off- 
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FIGURE 18. BRAKE AND REDUNDANT BRAKE 
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set along with a sufficient amount of hysteresis to assure 
noise immunity. When cruise conditions have been disrupted 
by braking action, and it is desired to return to cruise, the 
driver presses the switch for resume. The resume compara- 
tor samples Vs’ and Vy and determines the fixed accelera- 
tion required for return to the speed previously stored in 
memory. An internal filter is used at the output of the com- 
parator to prevent noise from resetting the comparator 
before V,’ reaches Vy. 


Oscillator (Clock) Circuit 


The circuit of Figure 20 shows the RC oscillator circuit used 
for internal clocking of the 9-bit ripple counter and the 4-bit 
counter that serves as a digital filter for the redundant brake. 
Various other elements of the command logic require oscilla- 
tor control for the toggling of flip-flops. The oscillator fre- 
quency is an independent internal function on the chip, and 
has no relation to the frequency of the F/V converter input. A 
single capacitor at pin 5 determines the oscillator frequency. 
However, the fixed current source noted as Vgs also has an 
effect. The Vgs current source is derived from the same bias 
line that controls the F/V converter current sense drive from 
a 43kQ resistor at pin 7. While the oscillator frequency may 
be changed by adjusting the resistor at pin 7, this adjustment 
will also change the F/V converter sensitivity. Since the volt- 
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age bias at pin 7 is approximately 5.5V, Q130 and Q131 are 
driven by 128A through Q92 in the F/V converter (see Fig- 
ure 5). The base bias line for Q131 is VB5, and is mirror con- 
nected to Q84 and Q85 in the oscillator. A charge current of 
128A goes to the 0.001pF capacitor at pin 5 from p-n-p 
transistor Q85. A 4x current mirror n-p-n transistor, Q86, dis- 
charges current at 512A from the capacitor at pin 5. The 
resistor divider at the base of Q81 switches between 4.1V 
and 6.1V as 1144 and Q85 are toggled on and off in the 
return feedback loop. With a charge current of 128A and a 
discharge current of 512A and using the equation: 


t= VC/ 


the clocking time, t, (and hence oscillator frequency) can be cal- 
culated using the 2V change for V, a 0.001pF capacitor value 
for C, and the charge and discharge currents for |. The result is 
15.6 plus 3.9us or a frequency of approximately 51kHz. 


Operation and Performance 


Table 1 defines the voltage values for the pins of the 
CA3228E IC. The annotations cover pins where conditions 
may be expected to vary. For further detail on the functions 
of the Vy and Vs voltages at pins 6 and 11, respectively, 
refer to the CA3228E data sheet. 
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FIGURE 19. OVERSPEED DETECTOR AND RESUME COMPARATOR 
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TABLE 1. NORMAL CRUISE-MODE PIN VOLTAGES FOR THE CA3228E (NOTE 1) 


Trane vOuTAce Tenn VOLTAGE 


No Connection 4.55V 


4.1V (Product of Error Voltage and Gain) 
8.2V, Active Low 


0.06V, Active High 


1. Voc = 8.2V, speed set at GOmph (V, = 3.6V). 
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FIGURE 20. OSCILLATOR CIRCUIT USED FOR INTERNAL D/A CLOCK DRIVE 
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Note that the D/A converter cannot be set at low speeds and 
will remain at or near OV until the frequency at pin 8 is near 
50Hz (for the conditions of Figure 2). Dynamic signals are 
present at pins 5, 8, and 9. Speed dependent voitages are 
present at pins 6, 10, and 11. Error dependent signals have 
a notable effect on control amplifier output at pin 6 and the 
driver output pins 21 and 22. The command input at pin 3, 
the brake input at pin 12, and the gate output at pin 23 are 
mode dependent. The table does not reflect all of these 
changes since the conditions are noted only for a normal 
cruise setup at approximately 6Omph. Again, the data sheet 
has further details on the various mode and state changes. 


It is important to remember that the mode inputs are 
momentary touch switches except for the hold down 
condition of the accel and the coast switches. If pin 4 is 
monitored during the command input changes, it will be 
noted that delay switching times noted in the data sheet will 
be reflected at this pin. 


Measures of the operating performance of the CA3228E are 
the wide power supply and temperature-operating ranges. The 
curve of Figure 21 shows the dynamic range of the power 
supply input Voc at pin 13 over the temperature range of -40°C 
to +120°C. The normal Voc specified is +8.2V +0.8V or 
approximately 10% tolerance. The curves of Figure 21 also 
demonstrate a wide tolerance in the minimum to maximum 
range over which the device functions. A failure, as noted in the 
figure, is defined as a phase-locked-loop malfunction. Note that 
even with the wide range shown for power supply tolerance, it is 
still recommended that an external zener regulator or 
equivalent be used at the Vcc power supply input. Vehicular 
power supply conditions typically range from 9V to 16V, a range 
that exceeds the maximum range and rating for the operation of 
the CA3228E. While some applications may work at lower 
voltages than the recommended 7.4V minimum, operating 
conditions should not exceed the 9V power supply maximum 
rating. 
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FIGURE 21. Vcc OPERATING RANGE OF THE CA3228E 


Figure 22 shows another wide-range capability of the 
CA3228E when the temperature is varied. The Vs and Vy 
voltages are plotted versus temperature from -60°C to 
+100°C. Both the voltages for Vg and Vy are shown along 
with the equivalent speed condition for the typical application 
of Figure 2. For the 59.94mV/mph quoted above, the 


voltages of 4.3 to 4.5 are 72 to 75mph, respectively. It should 
be noted that Figure 22 is a measured curve from -55°C to 
+90°C with an equivalent 73.5 +1.5mph error. Over the 
same range, the Vs and Vy readings typically tracked within 
130mV while maintaining a cruise mode. 
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FIGURE 22. TYPICAL CHARACTERISTIC OF THE F/V CON- 
VERTER OUTPUT, Vs, AND D/A OUTPUT, Vy, 
TRACKING vs TEMPERATURE IN THE CIRCUIT OF 
FIGURE 2 


General Applications 


A CD4046 CMOS VCO (voltage controlled oscillator) may be 
used in the external loop to drive the sensor input at pin 8. In 
the closed-loop circuit shown in Figure 23, the CA3228E will 
respond to the accelerate, cruise and coast conditions and 
provide the appropriate drive at the vacuum and vent outputs. 
From an idle mode after turn-on, the frequency may be 
adjusted by the 1MQ potentiometer. The adjustable range of 
the potentiometer output to the VCO input at pin 9 is ground 
on the low end to Voc on the high end. The 0.047pF capacitor 
between pins 6 and 7 and the 100kQ resistor at pin 1 were 
chosen to accommodate a frequency range of 50 to 250Hz. 


When a VCO frequency representing a given speed is set by 
the frequency control and applied to the sensor input at pin 
8, the set value may be entered into the CA3228E D/A mem- 
ory with the set/accel command. Changing the switch at pin 
9 of the CD4046 to the loop position then closes the servo 
loop with the VCO set frequency retained in the D/A mem- 
ory. The PLL of the CA3228E will maintain the frequency of 
the VCO, and any conditions that force the VCO off fre- 
quency will be corrected by cruise or resume mode control. 


While the VCO closed-loop circuit was used to demonstrate 
the capability of the CA3228E, it is also apparent that many 
applications of the referenced circuit or variations of this cir- 
Cuit may exist. 


Sketches of various application possibilities for the speed con- 
trol system are shown in the functional diagrams of Figure 24. 
These applications have not been reduced to practice but are 
only suggested possible circuits. Since the MSLT and redun- 
dant brake affect the low end settings, a diode bias clamp of 
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1.6V should be used at pin 11 to keep Vg higher than the min- 
imum speed lockout level. Pseudo DC voltage levels can be 
applied to pin 10 to set a Vs level for the D/A memory. 


Further potential for use of the speed control system 
includes its combination with the CDP68HC05 series micro- 
processor control systems with added memory and D/A con- 
trol. 


FIGURE 23. PLL OSCILLATOR FREQUENCY CONTROL CIRCUIT 
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FIGURE 24. SUGGESTED APPLICATIONS OF THE CA3228E: A. 

DC MOTOR SPEED CONTROL, B. MASTER/SLAVE 
ENGINE SPEED CONTROL. SWITCH TO SET/ACCEL 
TO STORE MASTER SPEED IN SLAVE D/A MEMORY, 
THEN SWITCH TO “RUN”. C. AIR OR FLUID TEM- 
PERATURE CONTROL. (SEE A. FOR Vs SETUP CIR- 
CUIT.) D. DC MOTOR POSITION CONTROLLER. (SEE 
A. FOR Vg SETUP CIRCUIT.) 
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No. AN8614.1 April 1994 Harris Intelligent Power 


THE CA1523 VARIABLE INTERVAL PULSE REGULATOR 
(VIPUR) FOR SWITCH MODE POWER SUPPLIES 


Author: W. M. Austin 


The CA1523, Variable Interval, Pulse Interval Regulator 
(VIPUR) is a monolithic integrated circuit designed for use in 
switch mode power supply (SMPS) systems. The 
advantages of both pulse interval modulation (PIM) and 
pulse width modulation (PWM) are combined in the VIPUR 
circuit. Figure 1 shows the block diagram and external circuit 
used in a typical CA1523 switching regulator circuit. 
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The special features of the CA1523, including a slow-start 
controlled power-up and mode sensitive logic control of the 
output pulse, provide several advantages in power supply 
applications. Intrinsic controls for adjustment of the pulse 
and frequency modulation range allow easy use of the 
CA1523 in a variety of SMPS systems, but especially those 
where line isolation is required. 
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FIGURE 1. BLOCK DIAGRAM OF THE CA1523 
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Systems that require line-isolated power supply voltages 
may be powered with the CA1523 regulator in a transformer 
flyback-converter system like the one shown in Figure 2(a). 
This system is particularly useful in meeting rigid safety stan- 
dards when interfacing between workstation equipment or 
modular consumer audio and video instruments is required. 
Less stringent interface requirements may permit the use of 
regulators with a common ground for both the switching con- 
troller and power supply outputs; examples of these regula- 
tors are the flyback converter of Figure 2(b) or the buck 
converter regulator of Figure 2(c). However, the application 
of most interest is the line isolated type shown in Figure 2(a) 


+VREG 
+VreG 
COMMON 
-VrReG 


VUNREG 


VuUNREG © 


VUNREG © o +VreG 


FIGURE 2C. BUCK CONVERTER REGULATOR 


FIGURE 2. THE CA1523 IN SWITCH MODE POWER SUPPLY 
SYSTEMS 


The PWM system is a popular mode of control in switching 
power supplies, as noted in the wide use of the CA1524. The 
counterpart of this mode of control, the PM system, was 
used extensively in the early period of switching power 
supply development. Both methods of control have their 
advantages and disadvantages. PWM offers effective control 
over a wide range of power supply loads. However, at the 
lower end of the load range, the PWM becomes limited 
because of the minimum pulse width, Tox, required. In 
addition, the rise and fall time of the drive pulse of the power 
switching transistor must be slowed down to meet RFI and 
EMI requirements. On the other hand, the PIM can handle 
low loads better because the duty cycle is reduced by 
increasing the pulse interval. However, the low range of the 
operating frequency may cause filtering-related problems in 
audio or other sensitive instruments. Another problem with 
PIM at the low-frequency end is the related conversion 
losses. 


The CA1523 is primarily a PIM controller with built-in PWM 
correction over a 2-to-1 pulse width range. For a frequency f 
and an associated period T, the pulse width reduces from a 
maximum width of T/2 (50% duty cycle), corresponding to 
the highest frequency at the maximum load limit, and 
approaches 1/4 at the lowest frequency and minimum load. 


The combination of both PIM and PWM control effectively 
compresses the operating frequency range over that of a 
pure PIM control for a given range of load. The combined 
CA1523 VIPUR advantages at minimum frequency include 
reduced losses and low ripple with improved efficiency and 
regulation. Pulse-widih correction done simultaneously with 
pulse-interval correction produces an inherent gain magni- 
tude of approximately 2 at 50% duty cycle under high-!oad 
conditions. This feature helps in keeping the error-amplifier 
gain low, and improves stability without the addition of 
expensive external components. 


Features of the CA1523 


As shown in Figure 1, the output drive pulse of the CA1523 
is modulated and mode-controlled by several system 
features: 


1. The output drive pulse has a maximum continuous 
+50mA capability into an 1800pF load. 

2. The peak transient load is +300mA and -200mA for a 
maximum of ips. 

3. The maximum pulse width can be controlled by choice of 
the timing capacitance at pin 14 and the current-sense 
resistance at pin 2. 


4. The output-pulse rise and fall time can be controlled by 
choice of the rise/fall-time capacitor at pin 4. 

5. The slow-start threshold of the pulse output is controlled 
by choice of the resistance at pin 2. 

6. The output-pulse interval is rate controlled during power- 
up by the slow-start RC-charge time constant at pin 10. 

7. Maximum output frequency is in excess of 200kHz, and is 
user controlled. 


11-143 


APPLICATION 


Application Note 8614 


8. Output pulse interval and width corrections are main- 
tained by the error voltage feedback to pin 1. 


9. The standby on/off switch between pins 7 (Vcc) and 12 
controls the output pulse. As an option, the on/off function 
may be controlled by logic-level switching at pin 12 or by 
line-isolated switching using an optical coupler. 

10. Overcurrent shutdown may be controlled by using a 
sense resistor in the load circuit to shut down the output 
drive pulse. 


Other Features of the CA1523 Include: 


1. A substantial level of ESD (electrostatic discharge) 
protection designed into the interfacing pin terminals of 
the chip. 


2. An 8.4V internal zener voltage reference for the on-chip 
bias circuits. 


3. A1.21V bandgap that provides a stable voltage reference 
for bias to the timing circuit and error amplifier. 


4. NOR logic control of shutdown of the output pulse under 
fault conditions for low Voc, on/off, and overcurrent. Pin 
9 is a monitor or output indicator of a fault condition. 


5. Availability in an economical 14 pin DIP package. 


Control Structure of the CA1523 
The CA1523 has five primary circuit functions: 


. Error amplification 

. Pulse/frequency modulation 

. Pulse driver/output amplification 
. Slow-start power-up control 

5. System logic control 


& @OND — 


The block diagram of Figure 1 shows the interrelated 
functions of the circuit. When the system raw B+ is switched 
on, the slow-start function controls the pulse/frequency 
modulator, P/FM, until the voltage at pin 10 is greater than 
7V. 


Standby conditions then exist until switch S1 is closed. In the 
standby mode, the P/FM maintains a maximum frequency 
output with a 50% duty cycle. After switch S1 is turned on, 
the output amplifier is enabled and the P/FM response is a 
function of the error voltage at pin 1. The error amplifier 
accepts error-correction inputs and controls the pulse and 
frequency modulation. The P/FM output pulse is then 
amplified in the driver and output stage. 


Figure 3 shows the timing-circuit schematic of the CA1523. 
For a given timing capacitance, Cy, the maximum frequency 
of the P/FM circuit is determined by the current-sense bias 
at pin 2. The current-sense level, Is, is set by the fixed 
resistor at pin 2, Rg, which goes to ground. A resistor divider 
reference at the base of Q92 of differential amplifier Q91, 
Q92, is approximately Vc//2. The differential amplifier feeds 
back, via Q17C, any error in the balance of Q91 and Q92, 
while holding the pin 2 voltage at the Vc)/2 reference level. 
The differential emitter current is supplied by Q93, and is 
determined by the bandgap bias voltage of 1.21V at the 
base of Q93. 


The differential emitter current is approximately equal to the 
collector current of Q17C; the collector currents of Q17A and 
Q17B are current mirrors to the collector current of Q17C. 
The currents I(/2 and I¢ provide the P/FM charge and 
discharge timing, and are, respectively, the collector currents 
of Q17A and Q17B. The current ratio is '/>-to-1 to accommo- 
date a 50% duty cycle at maximum frequency and load 
conditions. When start-up conditions exist, and the pin 1 
error voltage is low, Q6 passes all of the I-/2 current to Q11. 
Since Q11 and Q18 are current mirrors, the collector of Q18 
discharges the timing capacitor, Cy, at pin 14. The state of 
the flip-flop, FF1, determines whether Q15 will conduct 
current Ic from Q17B into the timing capacitor. 


When Q18 is discharging current from Cy at an I(/2 rate, 
and Q15 is charging Cy at an Ic rate, the net charge current 
is Iop/2. This is an FF1 high state for the Q output, and Q16 
is cut off while Q15 is conducting current Ico. The positive 
voltage ramp at pin 14 increases until the V,, comparator 
toggles at the 5V reference to the inverting input, resetting 
FF1, with the Q output going low. When Q is low, Q15 is cut 
off, and no charge current passes to Cy. Timing capacitor 
Cr is then discharged by Q18 at a maximum rate of I(/2. 
The discharge ramp continues until the voltage at pin 14 
reaches 2.5V, when the V; comparator toggles the S input 
of FF1 to a high state. The cycle of charge/discharge to tim- 
ing capacitor Cy is complete when the Q output of FF1 goes 
high in response to the high at the S input. 


The above operation occurs when the error voltage is lower 
than the 6.8V differential input reference, a condition that 
allows the full I,/2 discharge of Cy; by the Q11 and Q18 
current mirror. After being turned on from the line power 
source, the slow-start function shunts Q6 collector current 
through Q2. As a result, the Q11,Q18 current mirror initially 
receives little or no forward bias current, and Cy cannot be 
discharged. As the slow-start voltage increases, the current 
in Q2 decreases, allowing Q11 and Q18 to discharge Cy at 
an increasing rate. As long as the error voltage at pin 1 
remains below the 6.8V reference level, the charge and 
discharge rate is at the 50% duty cycle condition. 


In reference to the slow-start circuit of Figure 3, an increase 
of the slow-start bias on capacitor C2 at start-up exercises a 
decreasing degree of control over the discharge timing. If the 
Current-sense adjustment at pin 2 is typically less than 
100A, there will be a full frequency range of slow-start 
control, and the range of increasing pulse width will be 2 to 
1. Higher pin 2 bias currents will reduce the range of 
frequency control. The input to pin 10 drives the base of 
p-n-p transistor Q34. A 30kQ emitter resistor, R22, is 
returned from Q34 to an internal 7.7V bias source. Transis- 
tors Q1 and Q2 mirror the Q34 collector current and shunt 
the Q6 collector current away from Q11, reducing the dis- 
charge current in the timing control circuit. As an example, 
with 4V at pin 10, there are approximately 3V across emitter 
resistor R22. This arrangement allows the discharge current 
to be controlled over a range of 100A. A bias resistor in the 
range of 56kQ to 68kQ between pin 2 and ground is sug- 
gested for a full range of slow-start control. Higher levels of 
pin 2 sense current increase the I,/2 current beyond the full 
range of the slow-start bias control at pin 10. 
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When a power-on condition has been established, slow-start 
completed, and S1 switched on, the CA1523 begins normal 
regulation through error-voltage control as follows. When S1 
is switched on, maximum energy conversion occurs in the 
switched transformer. The supply voltage approaches nor- 
mal regulation level, and the error voltage increases toward 
the 6.8V reference level. The error voltage is set by a 
resistive divider ratio determined from the rectified voltage of 
the transformer sense winding. The Q5, Q6, Q7, and Q8 
differential controls the Q6 current to the Q11, Q18 current 
mirror, decreasing Q6 current as the error voltage increases. 
A portion of the I(/2 current from Q17A is passed by Q6. 
This current controls the P/FM output pulse and maintains 
regulation at the desired level, as determined by adjustment 
of the divider at pin 1. Pulse output continues from FF1 
during regulation, but at a reduced rate and with reduced 
pulse width. The Q output of FF1 is always high during the 
positive ramp at pin 14, a condition of maximum charge 
current to Cy. At minimum load, the pin 1 voltage increases, 
and the net charge current for the positive ramp is higher 
because Q18 is discharging less current. For example, if the 
error voltage at pin 1 is forcing half of the I-/2 current to Q7, 
the Q6 current is I°/4, and the net positive ramp charge 
current at pin 14 is: 


Io-lg/4 = BIg /4 


The net negative-ramp discharge current is then Io/4. What 
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To generalize, we can establish the range of error correction 
by assigning a k factor to the decimal portion of the Q17A 
collector current that is shifted from Q6 to Q7. Let k = 0 when 
V, (pin 1 voltage) is low and all Q17A current (I-/2) flows 
through Q6 to discharge pin 14. k = 1 when all Q17A current 
is shifted to Q7 and there is no discharge current to pin 14. 
The maximum rate of charge and discharge is established 
by the sense current, Ig at pin 2; Ig is approximately I,/2. 


Since: 
V = (1/C) x Jidt 
For a constant rate of charge (or discharge) current: 
VH-VL= 
And: 


IcHARGE (OF IpiscHaRGeE) X (T2 - Ty)/C. 


Ton(Max) = (VH - ViL)CrAs. 


From Figure 3, the range of (Vi, - V,) is approximately (5.0 - 
2.5), or 2.5V, and Ig is approximately equal to Vc//2 divided 
by Rs. 


The above information is used to establish the pulse interval 
or system frequency. The frequency is the reciprocal of 
Ton(charge) plus Tog-(discharge). As V, increases, k 
increases. The positive ramp charge current to pin 14 and 
Cr is: 


had been a maximum charge and discharge rate of I,/2 at ICHARGE = Ic - (Io/2)(1 - k) = 2g - Is(1 - k) = Ig(1 +k). 
Start-up is now pulse-interval and pulse-width modulated to 
provide a 3 to 1 charge/discharge ratio. 
eT - 
Q91 Q92 Torr 
Vv | 12 
- ge a: 2k @OUTPUT TO 
SENSE R THE PULSE 
ERROR CURRENT EX DRIVER STAGE 
VOLTAGE Q6 Q7 = 
ox 5 seu) Hide aby — 
@) 6.8V 1.21V Q1é Q15 » 
VREG 7.7V as : , 
Vs RIM =— = Vea2 Veat R Q eS as 
= 30K ™. 1.8K 4 
R22 == BANDGAP VOLTAGE = =o 
EXT (0) REFERENCE oe a > 
at una jy Oo. 
SLOW Q11 < 
START 2K 
+ Voc ro. 1.5K Qis = (EXT) 
TIMING 
Daal 
— =  . 1.5K sl Ton 
i Loaic | bs ila vic 
‘ tF2 = = (EXT) —— 25V(Vi) 


FIGURE 3. PULSE/FREQUENCY MODULATION AND TIMING CIRCUIT FOR THE CA1523 
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Since l¢ is cut off during discharge: 
IDISCHARGE = !s(1 - k) 
Therefore, during charge: 
Ton = [(VH - ViL)CTVIIs(1 + k)] = Ton(max)/(1 + k) 
and, during discharge: 
Torr = [((VH - VL)CTVIIs(1 - k)] = Ton(max)/(1 - k) 
Note that Tox, approaches To,(max)/2 as k approaches 1. 
This is the condition of minimum power supply load. With the 
time conditions for Tox and Torr established, the frequency, 
f, can be defined as: 
f = 1/(Toy + Torr) = (1 - k?)/2Ton (Max) 
Since the maximum frequency occurs at k = 0: 
fax = 1/2Ton(Max) and 
= fyax(1 - k2) = (1 - k?)/2Toxy(Max). 
The duty cycle is Tox/(Ton + Torr) which, by substitution, is: 
D=(1-k)/2 
Since k is the current split ratio of the input differential 
amplifier, the differential equation applies, that is: 
k= 1/(1 + e4¥h) 


where e is the natural log value of 2.718, h is KT/q (=26mV), 
and AV is V;-Vaer The equation for k is approximate, but 
provides a reasonably accurate transfer function for the 
CA1523 when output pulse width, frequency, and duty cycle 
may be calculated for given values of (V; - Varr). 


As k goes to 1, the frequency goes to zero, implying a no- 
load condition on the power supply. This is an improbable 
condition; however, the lowest system frequency is always 
determined by the minimum power supply load. 


The timing circuit of the VIPUR is a stand-alone pulse 
generator in which the Q output of FF 1 is amplified by the driver 
output circuit of Figure 4, subject to the logic control of transistor 
Q33 and the proper logic-state control for the slow start (SST), 
ON, Voc, and overcurrent (OC) inputs shown in Figure 5. 
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FIGURE 4. CA1523 DRIVER AND OUTPUT STAGE 
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FIGURE 5. CA1523 LOGIC CONTROL DIAGRAM 


The test circuit of Figure 6 demonstrates the pin 2 current 
sense (Is) range using timing capacitance values of 100pF, 
240pF, and 470pF. Figure 7 shows the frequency versus I> 
current at pin 2. Figures 8 and 9 show the range of pin 6 
pulse width and duty cycle. Since the curves of Figures 7, 8, 
and 9 were determined with V, at approximately 5.9V (much 
less than the 6.8V reference) maximum frequency conditions 
apply to all Figure 6 curves. With the rise/fall-time capaci- 
tance of 68pF at pin 4, the rise/fall delay will affect the duty 
cycle when the frequency is greater than 120kHz. Removing 
the pin 4 capacitance will extend the maximum frequency to 
well above 200kHz. However, use of the ;ise/fall-time delay 
function is important to the control of EMI and RFI. The 
optimum rise/fall capacitance value is chosen to assure a 
50% duty cycle at the maximum frequency with a reasonable 
margin in design tolerance and, for the system requirements, 
to ensure compliance with EMI and RFI requirements. 
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FIGURE 6. VARIABLE-INTERVAL SWITCHING-REGULATOR 
TEST CIRCUIT USED TO OBTAIN TIMING CURVES 
OF FIGURES 7, 8, AND 9 
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Where there are no external system restrictions on the 
operation of the CA1523, and the function is that of a pulse 
generator, very large values of capacitance may be used at pin 
14 to achieve very low pulse frequencies. External resistor 
loading at pin 14 will contribute a nonlinear slope to the other- 
wise linear sawtooth there. This nonlinear contribution can also 
be noted in the waveform at pin 14 if the timing capacitor has 
less than 10MQ leakage. Very low values of Is are not recom- 
mended because the balance of charge and discharge currents 
is, to some degree, affected by base bias and junction leakage 
currents. As noted by the degradation of duty cycle balance in 
Figure 9, and for practical reasons, Ig should be greater than 
20uA. The upper limit for Ig is determined by the maximum 
available collector current from Q17C, which is typically 350pA. 
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FIGURE 7. PULSE/FREQUENCY MODULATOR CHARACTERIS- 
TIC OF FREQUENCY vs. TIMING CAPACITOR C, 
AND SENSE CURRENT ls (T, = +25°C, V; = 5.9V, 
V5 = 11V, Voc = 13V.) 
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FIGURE 8. PULSE/FREQUENCY MODULATOR CHARACTERIS- 
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FIGURE 9. PULSE/FREQUENCY MODULATOR CHARACTERIS- 
TIC “ON” DUTY CYCLE (PIN 6) vs. CURRENT SENSE 
(PIN 2). 


CA1523 Generated Waveforms And Delays 


The signal waveforms of the CA1523 are shown in Figure 10, 
and are based on the test circuit of Figure 6, where Reg is 
adjusted for a maximum frequency of 100kHz. Because the 
sink and source current drivers of the timing capacitor, Cy, are 
constant current generators, the waveform at pin 14 is a very 
linear sawtooth. As noted in Figure 4, the waveform at pin 4 is 
derived from the Q75 sink and Q76 source drive currents, but 
is normally clipped at the top and bottom. The positive tip of 
the pin 4 signal is set by a positive clamp from two series 
diodes to an internal 3V bias source, providing a clamp level 
of approximately 4.5V. The bottom, or negative, truncation is 
the result of a current sink depletion of the charge on the rise/ 
fall-time capacitor at pin 4. The degree of waveform clipping is 
determined by the maximum operating frequency and the 
value of the rise/fall time capacitor at pin 4. 


In Figure 4, the rise, delay, and fall times of the input drive 
signal, Q, are controlled by the capacitance at pin 4, ampli- 
fied, and output at pin 6. The Q input, a square wave output 
pulse from the timing generator (Figure 3), drives the rise/fall 
capacitor via the Q73 buffer and the Q74, Q75 current mir- 
ror. Rise time is determined by the Q76 constant current 
source. As such, the sink and source currents control the 
voltage at pin 4. Capacitance loading at pin 4 provides a 
controlled rise and fall delay time. With the 68pF capacitance 
shown in Figure 6, plus 10.5pF probe capacitance, the 
waveforms are as shown in Figure 10. A rise-time delay of 
1.6us is noted at the 2.1V point on the pin 4 waveform. The 
signal at pin 4 drives the base of Q78 and, through a resistor 
divider, Q79. Approximately 2.1V is required at pin 4 to 
switch Q79 and set the delay, which can be calculated from 
the rise time equation for constant currents. The source cur- 
rent from Q76 is approximately 100yA, and the delay, Tp, is: 


Tp = VCA = [(2.1V)(68 + 10.5pF)/(100pA) = 1.6s 


If the rise time capacitor at pin 4 is too large, the peak volt- 
age will be reduced below the positive clamp level. This con- 
dition will cause the on-time duty cycle at pin 6 to be 
increased. The rise time capacitor at pin 4 must be adjusted 
to restore the duty cycle to 50% at the maximum frequency 
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condition. When no external capacitor is used at pin 4, maxi- 
mum operating frequencies in excess of 300kHz are possi- 
ble. An example of the typical CA1523 pulse output 
capability at high frequency conditions is provided below. 
Using the circuit conditions of Figure 6 with no pin 4 capaci- 
tor, ls = 160A, and Cy = 50pF, the pin 6 output pulse is: 
tp = 250ns 
f(MAX) = 312kHz 
Ton(Max) = 1.6us 
Ton(Min) = 0.8us 
Additional delay in the pin 6 output drive pulse may result 
from the conditions of loading. The normal specifications for 
the CA1523 are given for a 68pF rise/fall-time capacitance at 
pin 4 and an 1800pF output capacitance loading to reflect 
typical drive requirements for a power-FET switch transistor. 


The rise and fall times for 1.8V and 10V thresholds at the V6 
output are typically ta = 600ns and te = 200ns. 


Ve PULSE 
12-7 6 OUTPUT 
= 
10 53 
> 
oO 
< 
Seta 4 
<7) = 
S wi 
KE = Via 
2 - TIMING 
~ 6 3 - 
2 < 
7 4 y 
G YQ»: 4 
S54+2 RISE TIME 
a E WAVEFORM 
< 
$ 
2+15 
= 
0 10 20 


TIME (8) 


FIGURE 10. SIGNAL WAVEFORMS OF THE CIRCUIT OF FIGURE 4 
(WITH 10.5pF TEST-PROBE LOADING). (Cy = 240pF, 
Rg APPROXIMATELY 39kQ, Fayax) = 200KHz.) 


Application Circuits 
TV Monitor Flyback Converter 


Figure 11 shows a typical television receiver application of 
the CA1523. Line isolation permits use of the TV receiver as 
an RGB or composite-video DC-coupled monitor. In this 
system, the switching transformer isolates the power line 
from the signal circuits of the TV receiver. As shown in the 
block diagram of Figure 11, 120Vac is connected through a 
fuse to the bridge rectifier and a step-down transformer, T2. 
The rectified output of the step-down transformer is used as 
a 16V standby power supply for the TV control module. The 
control module, in response to the user input control, 


switches Q2 on and off to control turn-on of the VIPUR 
regulator through the optoisolator. The bridge rectifier 
supplies a +150V raw B+ to the VIPUR start-up circuit and to 
the primary of the switching transformer, T1. After start-up, 
the run supply provides a regulated +Vcc for the CA1523 
from the sense feedback circuit. In normal regulation, the 
VIPUR drives the Q1 power MOSFET, which switches the 
primary of T1. T1 converts regulated power to the cold 20V, 
25V, and 150V levels required for the power supply outputs 
and the run-supply circuit. 


Figure 12 explains the on/off operation of the switching 
power-supply portion of the converter application. The logic 
function maintains control of the on/off operation of the 
system. In the off state, the system remains in a standby 
mode as long as the 120Vac- is connected. Standby power is 
supplied via the start-up circuit, which consists of R2 and the 
11V zener diode CR3. Continuous start-up bias is supplied 
to the +Vcc function at pin 7, the on/off input at pin 12 via the 
optoisolator, and the slow-start circuit at pin 10. The 11V 
source is connected to the pin 7 +Vcc function via the 
forward biased diode, CR13. The logic function inputs (as 
previously noted in Figure 5) are the B+ sense from pin 7, 
the slow-start function at pin 10, the on/off function at pin 12, 
and the overcurrent function at pin 11. The logic function 
responds to a voltage level for each input and, if the voltage 
range of a required input is not met, shuts down the output 
amplifier, so that no pulses appear at pin 6. After start-up, 
normal operation is resumed when the on/off input is greater 
than 2.5V, the peak overcurrent input is less than 1.2V, and 
the B+ sense has determined that +Vcc is greater than 8.4V. 
The slow-start function controls the gradual start-up of the 
pulse and frequency modulation functions such that a slow 
RC rise time at pin 10 is synonymous with a slow decrease 
of the pulse interval. As the pin 10 voltage increases, the 
slow-start allows a gradual increase of the I|,/2 discharge 
current. As the voltage at pin 10 increases from 3V to 7V, the 
full range of slow-start control over the P/FM changes from 
zero to maximum frequency. The RC time constant 
consisting of R1, C7, and R3 controls the slow-rise voltage 
at pin 10. The slow increase controls the power-up rate and 
limits the start-up dissipation in power MOSFET Q1. 


The on/off function could be controlled by an insulated man- 
ual switch or a relay. However, the optoisolator has the 
advantage in that it can be remotely controlled with low 
standby power. The overcurrent shutdown voltage is sam- 
pled from the source terminal of the power MOSFET, Q1, to 
assure that peak currents in the transformer primary circuit 
will be fault-mode limited. When start-up is complete, the run 
B+ is greater than the start-up supply voltage from the 11V 
zener diode, and CR13 is reverse biased. The on/off and 
slow-start input circuits remain under the control of the 11V 
Start-up source, but the VIPUR power supply is transferred 
to the well-regulated run B+ supply derived from the sense 
winding of the transformer. 


Figure 13 shows the VIPUR switching-regulator output opera- 
tion as it functions in a normal feedback mode. As explained 
above, the error amplifier at pin 1 is differentially compared to 
a 6.8V internal reference. The error amplifier supplies the cor- 
rection signal for the P/FM. Pulse and frequency modulation is 
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controlled by timing-capacitor C15 and sense-current resistor 
R9. The output amplifier is controlled by the logic input; its rise 
time is controlled by capacitor C14. Zener-diode CR12 and 
resistor R13 are used to protect the gate of power MOSFET 
Q1. As Q1 switches the raw B+ current through the primary of 
the ferrite transformer, T1, power is supplied to the output wind- 
ings and the sense winding. The pulse in the sense winding is 
rectified, and supplies run power to the CA1523 and error feed- 
back to pin 1 through the resistor divider. The ratio of resistor 
R8 to the parallel trim resistors R4, R5, R6 and R7 sets the out- 
put voltage of the CA1523. The required output voltage of the 
regulator is determined by clipping resistors from the PC board. 


A limited-range potentiometer adjustment may be used to 
control the regulator output, but this approach can be poten- 
tially dangerous if the high voltage of the CRT is not limited in 
some way. The fixed resistor-divider network is preferred for 
safety reasons. Because of the tight coupling of the trans- 
former windings, the sense winding reflects the input-voltage 
changes and output-loading conditions. The preferred run B+ 
is 12V to 13V. The product of the resistor-divider ratio and the 
run B+ voltage should be, typically, 6.8V. When working with 
direct AC line power supplies, an isolation transformer must 
be used for hot AC line protection. Figure 14 joins together the 
circuits referenced in Figures 11, 12, and 13. The parts of the 
circuit connected to the “hot” line are identified at the center of 
the schematic. In addition to the circuitry discussed above, 
Figure 14 shows various chokes, bypass capacitors, and 


ferrite beads used in conjunction with the diode-rectifier filter- 
ing. These components are normally required to improve fil- 
tering and to reduce EMI and RFI. 


CA1523 Buck Converter Switching Regulator 


Figure 15 is the circuit schematic of a buck-type regulator 
useful in lower-voltage applications with a nominal raw B+ of 
28V and an input tolerance range of 18V to 38V. This circuit 
has been chosen to illustrate some of the special capabilities 
of the VIPUR circuit; but, for the most part, these features 
are applicable to any other circuit controlled by the CA1523. 
The circuit of Figure 15 has special start-up features that 
minimize standby current in zener diode Z1 and make use of 
the internal zener diode for slow-start control. As shown, the 
error feedback voltage has been made adjustable over a typ- 
ical range of 6.8V to 13.5V. The pulse frequency range is 
typically 25kHz to 75kHz, and the regulation at a nominal 
12V output is typically 0.3%. 


This circuit normally requires an output transformer only when 
it is desirable to isolate the output from the input. The pulse 
output of the CA1523 is inverted in a 2N2102 and used to 
drive an RFP8P10 p-channel enhancement mode power FET. 
The power FET is driven by the 2N2102 through a resistive 
divider that limits the maximum source-to-gate voltage. In the 
drain circuit of the power-FET output there is a shunt RUR- 
820 fast-switching catch diode followed by a filtering circuit 
comprising a 0.5mH choke and a 470yuF capacitor. 
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FIGURE 13. SWITCHING REGULATOR OUTPUT OPERATION 
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4.7uF a 
SCHEMATIC NOTES: 
“HOT” ; V 
SOURCE 1. All resistor values are in Q, K = 1000, 
150V and are 1/4W, 5% unless otherwise specified. 
c2 ci Lt 2. An arrow by a variable resistor indicates direction of clockwise rotation. 
Rar 470F 3. All capacitors are 50V except where indicated. Capacitance values 1.0 and 
TO TI-1 above are in pF. Capacitance values below 1.0 are in uF except where indicated. 


4. A. Indicates special parts; FB = Ferrite Bead. 
B. Indicates 2% tolerance. 
C. Indicates 1% tolerance. 

5. = Cold chassis ground. YV “Hot” ground. 
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FIGURE 14. APPLICATION OF THE CA1523 VIPUR IN RCA CTC-130 TELEVISION CHASSIS POWER SUPPLY MODULE 
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FIGURE 15. BUCK REGULATOR FEATURING ADJUSTABLE OUTPUT VOLTAGE AND SLOW START USING CA1523 ZENER 
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The raw B+ input may be a 28V battery source or the filtered 
output of a bridge rectifier supplied from a line isolated step- 
down transformer. The start-up components are substan- 
tially different from those shown in the transformer-isolated 
flyback-converter circuit, although, as noted, the start-up cir- 
cuit shown here may be applied in either system. If the out- 
put voltage range of the regulator is chosen, as it is typically, 
to be 11V to 13V, transistor Q1 conducts only for a brief 
period after Si is closed. The run B+ is supplied through 
diode D1 to +Vcc at pin 7, and the emitter of Q1 is reverse 
biased after the power-up cycle is complete. This situation 
substantially reduces the continuous running dissipation of 
zener Z1 and resistor R1. 


Even when the Vagg voltage is less than the zener voltage 
level, the base current to Q1 is a fraction of a milliampere in a 
normal run mode. However, more base current is required to 
charge C4 at line turn on. After start-up is complete and the 
standby on/off switch is closed, approximately 1.6mA of cur- 
rent is supplied to pin 12. Typically, less than 2mA are needed 
to sustain idle current to zener Z1. The difference in these 
losses for the circuit conditions shown in Figure 15 versus 
those shown in Figure 14 is approximately 2mA versus 35mA. 
A number of bias options are available for implementing the 
error-voltage feedback; most of the options are adaptable to 
either the buck regulator or the transformer flyback-converter 
system. Either system must feed back a sense return voltage 
of approximately 6.8V to pin 1. It is not required that the 
CA1523 be powered by the sense return voitage, but if it is, 
the voltage should be approximately 11V to 13V. The CA1523 
will operate over a Supply-voltage range of 9.5V to 15V. 


The buck regulator circuit of Figure 15 shows an output volt- 
age adjustment range ratio of 2 to 1. The adjustment range is 
from the typical 6.8V error-reference level to 2 times the error- 
reference level. If diode D1 is removed and Q1 used with 
zener Z1 to supply the run B+ for regulated +Vco, higher lev- 
els of output can be set by reducing the divider ratio, R10 (R9 
+ R10). With a ratio of 3 to 1, the typical output voltage will be 
3 times 6.8V or 20.4V. Of course, under this condition, the 
VunreGg input voltage must be higher than 20.4V by the 
amount of the saturated voltage drop in the power FET. If the 
error input to pin 1 is directly connected to the Vere output, 
the typical output voltage is 6.8V. Varc output voltage levels 
less than 6.8V cause two concerns. First, the return resistor 
divider that sets the output voltage level must be referenced to 
a positive voltage greater than 6.8V. Although a concern, this 
condition is feasible. The second concern, that of using the 
11V zener supply, is more serious. When the Z1 reference is 
used, a power-down condition may allow the Va¢e output vok- 
age to increase when zener voltage collapses. When that 


happens, pin 1 voltage will decrease and the error voltage will 
increase the pulse output drive, increasing Vac. A proper 
choice of components can avoid the turn off output voltage 
peaking problem when the raw B+ collapses, and even 
extend the low voltage regulation range. 


The circuit of Figure 16 shows the use of the internal zener 
diode at pin 13 as a reference for the return divider from the 
output Var voltage source. An optional adjustment method 
using the start-up zener, Z,;, is also shown. For the circuit of 
Figure 16, the range of this adjustment is 2V to 13V. 


Using the CA1523 as a VCO Pulse Generator and Driver 


The uses of the CA1523 VIPUR discussed above are appli- 
cation specific to a switch-mode controller for power sup- 
plies. Figure 17 shows the CA1523 as a general-purpose 
Vco pulse generator and driver circuit with a minimum of 
external components. The Vco control input is at the base of 
the external transistor Q1, which provides a linear current 
drive to the current sense, pin 2. For a given timing capaci- 
tance at pin 14, a 50% duty cycle pulse frequency at pin 6 is 
controlled by the pin 2 current. The frequency is linear, with 
the Vco input to Q1. The pin 1 error voltage is biased low, 
but may be gated to provide synchronous burst control of the 
Veco Output. Some of the typical characteristics and features 
of this circuit are listed in Table 1. The drive capability of the 
pulse output from pin 6 has been noted to be as much as 
+50mA continuous for an 1800pF load. The internal zener 
bias and bandgap reference sources keep the frequency 
output very stable over a power-supply range of 10V to 15V. 


TABLE 1. TYPICAL CHARACTERISTICS AND FEATURES OF 
VCO PULSE GENERATOR AND DRIVER CIRCUIT 


10V to 15V 

zn 

sara 

200kHz (for C14 = 240pF) 

500kHz (C14 = Stray Capacitance) 
300ns (OV to 8V) 

100ns (11V to 2V) 
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FIGURE 17. Veg PULSE GENERATOR AND DRIVER CIRCUIT 
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SP600 AND SP601 AN HVIC MOSFET/IGT DRIVER FOR 
HALF-BRIDGE TOPOLOGIES 
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Harris Intelligent Power Products 


The interfacing of low-level logic to power half-bridge config- 
urations can be accomplished by an 500Vp¢ intelligent IC, 
the SP600 series driver, which is designed for up to 230Vac 
line rectified operation. The primary function of the high volt- 
age integrated circuit (HVIC) is to drive n-channel MOS 
gated power devices in totem pole configuration. Compatible 
with current-sensing MOSFETSs/IGTs, this HVIC provides 
overcurrent shutdown, simultaneous conduction protection, 
and undervoltage lockout. Logic level inputs provide noise 
immune control of power element switching. 


The SP600 has demonstrated high frequency (130kHz) 
operation as well as the ability to withstand high dv/dt. Its 
semicustom design flexibility makes it easily adaptable to a 
wide range of single and multiple phase applications. Other 
salient features of the device are described below. 


Technology Overview 


BiMOS structures are implemented in a junction-isolation 
process, known as “lateral charge control”,' that supports 
high voltage laterally. By the use of this thin epi process, low 


voltage analog and digital circuitry can be combined mono- 
lithically with high voltage transistors. Low voltage circuits 
can be constructed to float up to 500Vp¢ with respect to the 
substrate. Additionally, 5010Vp¢ NMOS and n-p-n transistors 
can also be fabricated.2 Since this process conforms to 
mainstream low voltage IC manufacturing, it is cost effective. 


Totem Pole Drivers 


Historically, designers have been faced with awkward deci- 
sions regarding the upper-rail drive of bridge topologies. 
P-channel MOSFETs, while easy to drive, are-more than 
twice as expensive as equivalent n-channel devices having 
the same rds(on). Economic barriers and product availability 
generally prohibit design beyond 200Vpc. On the other 
hand, the driving of upper rail n-channel MOS gated devices 
requires a floating gate supply that must be 5 to 20Vpc 
greater than the upper rail link. While several discrete 
approaches for implementing this floating supply are known, 
the designer is burdened with additional components and 
potential dv/dt problems associated with voltage translation. 


The SP600 series driver provides the economical solution as 
an intelligent totem pole n-channel driver. With the addition 
of as few as five, user defined, external, passive components 
(three if current detection isn’t employed) a functional half- 
bridge driver can be built that has the following features: 


Copyright © Harris Corporation 1992 


¢ Creation and management of a 15Vpc upper-rail power 
supply 
Ability to interface and drive standard and current sensing 
n-channel MOSFETs/IGTs 


Shoot-through protection 

Overcurrent protection 

Undervoltage lockout 

CMOS logic-level input compatibility 

Semicustom flexibility through metal-mask changes 
e Standard 22-pin DIP packaging 


Theory of Operation 


Figure 1 is the basic block diagram of the SP600. CMOS 
logic compatible input signals are filtered to ensure reliable 
operation when the device is subjected to noisy industrial 
environments. Digital commands at TOP and BOTTOM 
inputs cause the upper or lower drivers, respectively, to turn 
on or off. The lraip seLect input provides a higher than nom- 
inal current limit on a pulse-by-pulse basis. The input signals 
are decoded to drive the appropriate output device. High 
voltage translation is provided by current mirror pulses used 
to communicate upward to the top gate driver to initiate turn 
on or Off (loxn/lo¢¢ pulses). These momentary pulses are 
captured by local latches to maintain the desired state. This 
feature minimizes power dissipation in the level shifter and 
provides added noise immunity as well. The bottom gate 
driver circuitry is similar. The floating bootstrap power supply 
is provided by low voltage capacitor Cr and high voltage 
diode Dr. Each time the Voy7 node goes low, Cr charges to 
roughly a diode drop less than Vpp (15Vpc). This situation 
prevails each time the lower output device is activated or, in 
the case of an inductive load, whenever the upper device is 
switched off and freewheeling load current forces the output 
node to a diode drop below ground. In either case, Dr is for- 
ward biased, allowing Cr to charge through the current limit- 
ing resistor Rgs to approximately Vpp. Noise dropping 
resistor Rup, along with capacitor Copp, provides localized fil- 
tering of the bias supply and bypasses bias supply series 
inductance facilitating fast and complete bootstrap refresh. 


Each output device is protected on a pulse-by-pulse basis 
from overcurrent (OC) by sense resistor Rs, which is con- 
nected to 100mV comparators. This arrangement permits 
the designer to take advantage of nearly lossless current- 
sensing MOSFETs or IGTs. 
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FIGURE 1. BLOCK DIAGRAM OF THE HVIC 


Upon detection of any OC, the output is immediately dis- 
abled. In the case of the lower switch, a FAULT is directly 
detected and reported. Upper rail OC FAULTs are indirectly 
reported via the output voltage monitor when it detects an 
Output state not in agreement with the commanded TOP 
input signal. With local OC detection and shutdown of the 
upper device, an inductive load will force Voy7 low due to 
freewheeling. This “out of status” detector recognizes a fault 
when Vou is typically less than 5.5Vp¢. 


10Q 
Venus O- 
44 Pro 


Vpo 


Logic and Timing 


Figure 2 is a detailed functional circuit of the SP600. The fil- 
tered inputs, TOP, BOTTOM, and Itpip se_ect, ignore pulse 
widths less than typically 400ns to prevent false triggering. 
During the generation of loy and lore pulses, the control 
logic ignores further changes in the input signal. For each 
lon Pulse, an loge pulse is simultaneously sent to the oppo- 
site driver, thus eliminating the possibility of spurious shoot 


FIGURE 2. FUNCTIONAL DIAGRAM OF THE HVIC 
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through caused by high voltage, high-speed switching. 
These features aid in providing predictable operation of the 
floating upper rail driver section, which is capable of slewing 
over 10,000 volts per ps. 


PHASE serves as a common reference for the floating boot- 
Strap supply (Vps) and all upper rail logic. Voy, for all practi- 
cal purposes, is at the same potential as PHASE, being 
separated from it electrically by only a few Q (Ro). This addi- 
tional series output resistance helps to limit the peak current 
being drawn from the HVIC when an external lower flyback 
diode, undergoing forward recovery, forces Voy negative. 


An automatic refresh algorithm is generated by the CMOS 
timing and control block to ensure that the bootstrap capaci- 
tor remains charged. As mentioned above, Cr is refreshed 
each time the Voy7 node swings to common. At power up, 
with zero voltage on Cr, there are two ways to refresh the 
bootstrap capacitor. The first is by initially commanding the 
bottom device to turn on, forcing Voyr low. The second 
occurs when an automatic refresh is invoked if the TOP has 
been commanded on for longer than 200ys to 500s. The 
logic momentarily ignores the inputs, and turns on the lower 
Output (subsequent to an Io¢¢ TOP) for typically 2.0s, 
charges Cr and finally restores control to the input com- 
mands. Automatic refresh is overridden at switching rates 
greater than 5kHz, the minimum refresh timer period. 


A dual level current limit provision allows for a 30% higher 
current trip point (above nominal) on a pulse-by-pulse basis. 
A logic level 1 applied to Itpip se_ecr provides a boosted 
current limit suited for applications like uninterruptable power 
supplies (UPS), which may have occasional shifted peak 
power requirements. This feature may allow for a more opti- 
mally selected output device. Benefits of current boost have 
been demonstrated in an off-line PWM motor controller 
where lIrpip seLect is momentarily mapped to overcome the 
inertia associated with rotor start-up. 


Both outputs are disabled and a FAULT reported as a result of: 
e Overcurrent 
* Vpp (lower bias) and Vgs (upper bias) undervoltage 


Vie 10 


¢ Vout/PHASE out-of-status 


e Simultaneously commanded TOP and BOTTOM input 
(outputs disabled, no FAULT reported) 


The fault can be cleared by a logic 0 at both TOP and 
BOTTOM inputs for the required fault reset delay time of 
3.4us to 6.6pys. 


Power Driver Section 


The upper and lower driver output sections are nearly identi- 
cal, Figure 3.4 Separate sink and source transistors are sep- 
arately bonded out for application specific designs requiring 
additional series gate impedance(s) for slower charge and 
discharge rates. This circuit property becomes particularly 
important with IGTs, where a minimum turn-off impedance of 
100Q may be required to ensure full SOA. Regardless of the 
switching element used, companion flyback diode character- 
istics may necessitate slower turn-on to reduce peak reverse 
recovery current by increasing the gate impedance by 
means of RCHARGE: 


A nominal 100mVpc comparator provides overcurrent (OC) 
protection when used with either current sensing IGTs or 
MOSFETS. OC can also be implemented by using low 
impedance shunts with noncurrent sensing power output 
devices, Figure 4. 


Clamp CL1 in Figure 4 provides overvoltage protection for 
Current sensing structures during switching intervals, and pro- 
tects the comparator from any voltage transients due to exter- 
nal lead inductances. To avoid nuisance OC trips caused by 
reverse recovery current during turn-on transitions, the com- 
parator’s output is blanked for approximately 3s. 


System Performance 


The half-bridge test circuit in Figure 5 was built to demon- 
strate the SP600 as a high frequency driver of MOSFETs. 
The load is referenced to one-half the battery voltage, allow- 
ing bidirectional load current. This circuit characteristic emu- 
lates power configurations of half bridges with split supply or 
full bridges implemented with multiple HVICs. 


FIGURE 3. POWER-OUTPUT SECTION INTERFACING WITH CURRENT SENSING MOSFET OF IGT. 
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FIGURE 4. POWER OUTPUT SECTION INTERFACING WITH NONCURRENT SENSING MOSFET OR IGT. 


For ultimate switching speed, no additional series gate 
impedances were used. Peak MOSFET gate charge and 
discharge current waveforms of 400 and 510mApg¢, respec- 
tively, were observed, Figure 6. 


High frequency, high voltage operation requires that upper 
rail drive and level translator circuitry be immune to high dv/ 
dt, as this section floats with respect to Voy7/PHASE. Inter- 
junction capacitance can dynamically inject displacement 
currents, raising havoc in circuit performance or even caus- 
ing catastrophic failures, including the breakdown of voltage 
isolation tubs or latch-up in adjacent four layer structures. 


At rail voltages of 200Vpc¢ to 400Vp¢, rise and fall transitions 
of Vout/PHASE were measured in the 20ns to 35ns region. 


3.3 


\/ \/ \/ 


9g 


The HVIC operated flawlessly while being subjected to out- 
put swings beyond 11,000V per ps. Figure 7 demonstrates 
the HVIC’s ability to sustain such dv/dt when driving IRF820 
devices. 


IRF 842s were driven at 130kHz in this same half-bridge cir- 
cuit, Figure 8. The ultimate switching speed of the SP600 
series HVIC will depend on gate capacitance and the duty 
cycle limits dictated by the minimum lox and log¢¢ times. A 
minimum log time (1.6us to 3.11s) ensures time for refresh, 
while a minimum lo¢¢ time (1.3ps to 3.41s) prevents simulta- 
neous conduction by allowing for gate discharge prior to an 
opposite I>, pulse. The same promising technology has 
been shown to operate a half-bridge resonant converter at 
frequencies up to 600kHz.® 


30-500Vn- 


hoap 


2200 


FIGURE 5. HALF-BRIDGE TEST CIRCUIT 
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Top: Turn Off Vertical: 100mA/div 
Bottom: Turn On Horizontal: 20ns/div 
FIGURE 6. GATE-CURRENT WAVEFORMS DRIVING AN IRF820 
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Vertical: 50V/div 
Horizontal: 50ns/div 


FIGURE 7. Voyy TRANSITION AT TURN ON OF LOWER IRF820 
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Vertical: 50V/div 
Horizontal: 50ns/div 


FIGURE 8. OUTPUT LOAD CURRENT AT 130kHz USING 
IRF842s 


Semicustom Capability 


The SP600 family can be customized by inexpensive, final 
metal mask alterations. Application specific designs are pos- 
sible for variations in the following parameters: 


¢ Minimum Iop/log¢ pulses 

¢ OC trip response time 

¢ Input signal conditioning filters 
¢ OC trip level 


° Inclusion of RoHaRGe/DISCHARGE 

° TRIP SeLecT boost level 

¢ FAULT reset timer 

Other system related options include: 


e Input protocol 
¢ Automatic FAULT reset 
¢ Ability to disable the automatic refresh algorithm 
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Appendix 
Timing Waveforms (See page 6) 


Although both SP600 and SP601 timing diagrams are shown 
the SP601 was chosen to provide further explanation. 


to <t<t, At to, with the enable high, the outputs are simulta- 
neously commanded to switch from lower to upper 
which is also known as Bistate operation. After delay 
torrp, the lower is turned off, followed by the uppers 
turned on. Dead time, tp7, the difference between the 
lower off transition to the upper on transition is internal- 
ly set. Since this timing sets the margin of safety for si- 
multaneous conduction, it's the user’s responsibility to 
ensure that proper external gate impedance is selected 
to ensure ample time for power transistor charging/dis- 
charging. 


ty<t<t The lower is turned on at t; and continues for a relative- 
ly long period, long enough that at tp an automatic re- 


fresh will be invoked. 
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to <t<ty The HVIC has blinded itself to the logic inputs during ty<t<t,, | The chip shuts off as the ENABLE line is brought low at 
this refresh mode. The upper is turned off, with its as- ty, and is enabled again at t;,) as the UP/DOWN line 
sociated turn off delay, torrp. After the fixed dead time, had remained high. Since the disable period was long 
tp.r, the lower is briefly turned on, ton, providing a and the refresh one shot had timed out, the turn on de- 
charge refresh path for the bootstrap capacitor, Ce lay, tonpt is slow. Keep in mind that the delay time in- 
Once again the deac time is observed before turning cludes the time for automatic refresh. In an attempt to 
the upper back on again and restoring contro! to the not further complicate the drawing, the detailed refresh 
user inputs. This refresh cycle can be detected as a few cycle isn’t actually shown. 
1's wide pulse of lower MOSFET/IGT current. ty; <t<t,3 Both inputs are brought low at t,, for a duration longer 
t3<t<t, The upper remains commanded on for a period of time than tace At t;3 the ENABLE is restored, initiating the 
less than taper At t,, the UP/DOWN time is brought low, turn on sequence for the lower. This follows a long period 
commanding a lower turn on. Similar to the t,-t, inter- of time where the one shot had timed out, but in this case 
val, the upper turns off after delay to¢rp and the lower the lower is commanded on. Since it doesn’t need the re- 
turns on after the dead time, tp 7 fresh algorithm, the turn on delay, tonpg, Is fast. 
ts<t<t, | The SP601 is disabled by the ENABLE line low atts. t;,<t<t,3 This sequence of events depicts the detection of a low- 
Previously conducting lower turns off after its delay, er overcurrent trip. Between t;3-t,4, the lower is on. Be- 
torrp. Since the ENABLE line was previously brought yond the filter delay, torrrn, the overcurrent trip shuts 
low and neither output transistors are conducting, off the lower driver. A fraction of a jis later, te, the flag 
termed as three-state mode. The state of the output report delay, FAULT goes low. 
phase waveform remains unknown. At t,, the ENABLE t : , 
: : 15 <t<t,, By hokding both ENABLE and UP/DOWN lines low for 
is once again pulled high. The lower turns on after de- tig<t<t the required fault filter reset time, tay, the fault is 
lay, tonps: cleared. 
t;<t<t, Att, the SP601 Is disabled and the UP/ DOWN line is + + <+,, The upper is turned on and an overcurrent trip begins. 
toggled to the upper position. The lower turns off and the Beyond the filter dela the overcurrent compar- 
power devices go into a three-state mode. At ts, upper J ¥: loreTN» = 
‘a 9 vee ae haat oe ‘iconat's ator shuts off the upper drive at t,7. Since the control 
cath east peak sia eee ° seas logic can only communicate upwards, there is no direct 
iad ii rn on delay, tonps: Is relatively short. means of reporting an upper trip. As the fault has been 
remotely captured by the floating upper section, shut- 
down has occurred. The Phase or Voy7 node will quick- 
ly fall to a diode drop below common due to inductive 
flyback current. Via the Vout/VpHase Monitor this is de- 
tected as not being in agreement with the commanded 
input and reports the fault. Reporting this phase out of 
Status delay is togyr 
SP600 Series Timing Diagram 
INTERVAL ‘0 '1 t2 ts tste ty te te tro trys traths tra tists tiz7tis tie 
| | | | | iam | | | ll ttl | | | 
Top 1 | | | | | [Cd [~ 
0 
1 
BOTTOM 0 | | | | 
‘ =| © btper | | 
ENABLE 4 tne >| = | : —— | a ee btacr | | | 
tare] KH tare bk 
UP/DOWN | <tr> 
1 
FAULT torFp ten >] 
1 | torrp | = to.t. “| [tot | KH tonng toNpg "1 —_ tonps >| ~~ 
LOWER ton ton >| torr, 
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Introduction 


The HIP2500 is an high voltage, high speed half-bridge 
driver for driving n-channel MOS gated power devices. The 
blocking voltage of the HIP2500 is 500VDC which provides 
the capability for application on most rectified 230VAC line. 
The HIP2500 uses the same proprietary technology which 
resulted in the first products in the HVIC (high voltage IC) 
family, the SP600/SP601 Half-Bridge Drivers. 


The upper and lower drivers are junction-isolated from each 
other and controlled by independent input lines referenced to 
the system common. The HIP2500 offers a reliable, cost- 
effective means for driving high-side referenced n-channel 
power switches from ground referenced logic. Level-transla- 
tion circuitry using optocouplers or, the more reliable, but 
often too expensive, transformer is not required. Highly inte- 
grated logic and drive circuitry minimizes propagation delays 
and allows higher switching frequencies and lower switching 
losses than would be attainable using more conventional 
techniques. Besides cost savings and performance 
increases, the HIP2500 simplifies and reduces the effort 
needed to design efficient MOS gated high and low side 
switch drivers. 


The HIP2500 boasts high output drive capability (2A peak), 
while still employing the PMOS source and NMOS sink driv- 
ers which are also employed in the SP600 family. By remov- 
ing the Overcurrent trip, automatic refresh and shoot-through 
protection features of the SP600 family, the simpler logic cir- 
Cuitry allows lower transport delays from input to output and 
operation at PWM frequencies as high as 5OOKHz. Gate rise 
and fall times are as low as 20ns into a 1000pF load. 


While the burden of shoot-through protection now rests 
squarely with the user, the simplicity of precise user gate 
control allows the capability to drive double forward convert- 
ers, a configuration popularly used in power supply, stepper 
motor and switched reluctance motor controls. Capacitor Cr, 
referred to as the “bootstrap capacitor,” must always be fully 
pre-charged before turning on the upper switch. On power 
up, therefore, the lower switch should be turned on first, pro- 
viding a charging path for Ce from Voc through the bootstrap 
diode De and back to ground. Figure 1 and Figure 2 both 
show the bootstrap components. 


Copyright © Harris Corporation 1993 


An inductive load will often supply the current required to 
charge the bootstrap capacitor each time the upper switch is 
turned off. It does this through a lower flyback diode as 
shown in Figure 2, or the internal body diode of a lower 
MOSFET as shown in Figure 4. In the case of the buck con- 
verter, the load provides a path to pre-charge the bootstrap 
Capacitor prior to turning on the high side switch. 


LOGIC GROUND 


FIGURE 1. DOUBLE FORWARD CONVERTER SCHEMATIC 


LOGIC GROUND 


POWER GROUND 


FIGURE 2. HIGH SIDE SWITCH OR “BUCK CONVERTERS” 
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Description of the HIP2500 


The block diagram of the HIP2500 is shown in Figure 3. The 
HIP2500 contains both ground referenced and high voltage 
bus referenced (floating) gate drive circuits. With the excep- 
tion of level-translation circuitry communicating between the 
upper driver circuit and the upper input control logic, the 
upper and lower driver and control circuits are nearly identi- 
cal. 


‘ 
ii w ‘e 
y ' 
$ + HO 
HIN « ’ 
LEVEL 
e H @ 
> SHIFT }—>4 LATC 
{ R ‘ 
d 4 vs 
é e 
sp! ; 
‘ LOGIC 
‘ ' Voc 
6 @ 
“ , 
; 
Vas + COM 


FIGURE 3. HIP2500 FUNCTIONAL BLOCK DIAGRAM 


Input Logic 


The input logic of the HIP2500 incorporates pull-down cir- 
cuits which allow any of these inputs to be left open if they 
are not used. The pull-down current is approximately 12 
micro-amps. As well as electrostatic input protection, the 
inputs are Schmitt-buffered and a level-translation circuit 
allows 5 volt logic inputs to communicate with the down- 
stream logic which drives the gates of the power switches 
connected to the HIP2500. This logic is nominally biased 
between 12 and 15 volts. An extra benefit of the level-shifter 
is to provide input circuit noise immunity by continuing to 
function even though the Vgs terminal moves with respect to 
the COM terminal from about -2.0 volts to +VCC/2 volts. 
When attempting to lower the Vss terminal more than -2.0 
volts below COM, however, the HIP2500 will continue to 
function, but heavy substrate current flows. Therefore one 
should not attempt to deliberately shift the Vsg and COM ter- 
minals from each other. 


The three inputs to the HIP2500; HIN, LIN and SD control 
the floating high side driver, the low side (ground referenced) 
driver and the “shutdown” functions, respectively, in accor- 
dance with the timing diagram in Figure 5. The HO and LO 
gate drive signals respond within a short (typically 400ns) 
propagation delay of their respective HIN and LIN signals. In 
half-bridges where deadtime is required to prevent conduc- 
tion overlap or “shoot-through”, the HIN and LIN input com- 
mands must be appropriately spaced by the user. For 
example in a typical half-bridge configuration such as in Fig- 
ure 4, where the upper and lower switches are series con- 
nected between the high and low sides of the power bus, the 
user must ensure that one switch is completely off before 


turning on the other. If this precaution is not followed, con- 
duction overlap will occur in both switches, usually leading to 
destruction of one or both power switches and possibly the 
HVIC. Occasionally, a few passive components added to 
delay switch turn-on without delaying turn-off can effectively 
control shoot-through (see the diode resistor parallel combi- 
nation in Figure 4). As power levels and power switch 
devices become larger, active rather than passive 
techniques may be a more appropriate means for providing 
turn-on blanking of one switch while turning off the other. 


Two independent latches provide a means to inhibit the HO and 
LO outputs from going high whenever a Shutdown pulse has 
occurred. Resetting of the latches is accomplished at the 
moment that the respective HIN and LIN signals go low, pro- 
vided that the SD input is also low. 


SYSTEM 
CONTROL 


FIGURE 4. SIMPLIFIED SHOOT-THROUGH CONTROL 


The timing diagram shown below will help to make operation 
of the input latch and shutdown logic more clear. The arrows 


FIGURE 5. INPUT TIMING DIAGRAMS 


show that at the instant the HIN and/or LIN inputs go low the 
shutdown latch is reset. Subsequent high signals on HIN or 
LIN will then be passed on to the edge logic and 
level-translation circuits before final processing by the output 
driver circuits. 
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Edge Logic 


After the HIN and LIN input signals are squared up by the 
input logic, they are processed further by the Edge Logic. 
The purpose of the Edge Logic is to create short pulses to 
be further processed by the upper and lower output driver 
logic. There are two Edge circuits; one for the floating driver 
and one for the COM referenced driver. 


Each Edge circuit has two inputs and two outputs. One out- 
put goes high coincident with a rising-edge signal from the 
input logic. The other output goes high coincident with a 
falling-edge signal from the input logic. Both outputs are 
short pulses which minimize the power dissipation of the 
Level-translation transistor. Although there is no lower 
level-translation transistor, the lower Edge circuit nonethe- 
less helps provide the necessary symmetry between upper 
and lower switch delays. The second input to each Edge cir- 
Cuit comes from the lower Undervoltage (U/V) circuit. In the 
event of a lower undervoitage condition (i.e.: a low Voc), the 
outputs of both upper and lower Edge circuits issue turnoff 
pulses. 


Level-Translation 


The upper Edge circuit issues turnon and turnoff pulses to 
the Level-Translation circuit. This circuit mainly consists of 
two high voltage npn transistors which conduct very narrow 
current pulses to the upper (floating) gate drive circuit. 


Communication with the upper switch drive logic creates a 
potential for excessive power dissipation. By using only very 
short level-shift pulses from the Vss referenced logic through 
the high voltage level-shift circuit to a latch in the upper 
switch driver, level-shifting power dissipation can be mini- 
mized. Two high voltage level-shift transistors are required to 
control the upper switch, one for turnon pulses and one for 
turnoff pulses. The level-shift current pulses are robust in 
order to provide noise discrimination, but are also very short 
so as to avoid significant power dissipation. 


Driver Circuits 


The driver circuits for the upper and lower gate drives are 
identical, except for the settings of the delay-matching cir- 
cuits. Delay matching makes it easier to equalize the 
dead-time between upper and lower switch conduction peri- 
ods. A secondary benefit of delay matching is to provide 
duty-cycle equalization of the input waveform and the output 
waveform at the Vs terminal. Delay-matching imbalance 
becomes more noticeable at high switching frequencies. 


The HIP2500 uses p-channel mosfets in the output stage of 
the drivers for sourcing gate current to the power devices 
and is unique in its ability to drive the gates of the upper and 
lower switches to the full applied bias voltage. Similarly N- 
channel devices have been employed for sinking current 
from the gates of the power devices. This allows complete 
utilization of the supply voltage and power device gate volt- 
age will be unaffected by changes in driver threshold voltage 
variations. The approach employed in the HIP2500 also 


avoids the additional power dissipated due to the threshold 
voltage drop associated with source-follower topologies. At 
high operating frequencies this can be significant. 


The sink and source currents of the gate drivers are fully 
capable of supplying peak currents of at least 2.0A, which 
means that a power mosfet device with 3000pF gate source 
Capacitance can be fully charged in 25ns. Discharge of the 
gate source capacitance will be slightly more rapid, since 
Rpson Of the sink driver is about 10% less than the source 
driver. 


The high side driver section is built into an “isolation tub” 
which is capable of floating +500Vpc> above substrate poten- 
tial with respect to power ground (COM pin 2). Pin 6 (Vs) is 
the common potential for the upper drive circuitry and is the 
most negative voltage within the floating tub. Vp (pin 5) is the 
positive rail within the floating tub and is usually 12 to 15 
volts above Vs. The gate drive output, HO (pin 7) swings 
between Vs and Vp according to the state of the HIN input 


pin. 


Under-Voltage Lockout 


The HIP2500 is protected internally from insufficient boot- 
strap supply voltage (in the case of the upper floating driver) 
and insufficient bias supply voltage (in the case of the lower 
driver). Also the HIP2500 will not turn on either of the 
switches should the high voltage supply be brought up 
before the low voltage bias supply power. 


As mentioned previously under Edge Logic, the lower under- 
voltage lockout blocks drive to both upper and lower power 
switches. The reason for turning off both switches when only 
the lower bias supply is below its U/V trip setpoint is that the 
upper bias supply is refreshed from the lower supply. There- 
fore the floating supply can never be any higher than the 
voltage on Voc. The U/V latches are reset upon reestablish- 
ment of proper bias supply voltage level and a low transition 
of the LIN and/or HIN signals. 


The upper logic circuit has a separate undervoltage circuit 
which controls only the gating of the upper (floating) switch. 
The switch is latched off upon occurrence of an undervolt- 
age condition across the bootstrap capacitor. Latching is 
reset when the undervoltage condition goes away. A subse- 
quent “on” pulse from the HIN terminal will turn on the upper 
switch. The HIN terminal must have previously gone low in 
order for the Edge circuit to issue an on pulse to the upper 
driver logic. Latching the drivers off in the event of an under- 
voltage condition eliminates the potential of entering a 
limit-cycle condition. To avoid U/V trip, the circuit designer 
must pick a value for bootstrap capacitance which supports 
the bias current requirements of the floating supply without 


tripping the under-voltage circuit. Guidance on choosing the ~ 


bootstrap capacitor can be found under “Design Consider- 
ations” later in this note. 
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Design Considerations 


The designer must deal with the following areas to success- 
fully apply the HIP2500: 


¢ Bias Supply Design 
¢ Propagation Delay Issues 


e Power Dissipation, Thermal Design 


Bias Supply Design 


The design of the HVIC bias supply is not particularly diffi- 
cult. First establish the desired gate voltage for the power 
switch. For most MOSFETs and IGBTs there is a point at 
which increasing gate-to-source voltage yields no significant 
reduction in switch forward drop. Usually this occurs at about 
8 to 9 volts. Avoid overcharging the gate of the power switch 
because the higher the gate voltage is the longer it takes to 
turn off the device. Also more charge must be transferred, 
which dissipates more power both in the HIP2500 and in the 
switch device. Finally, by increasing the time required to turn 
off the power MOS device, one increases the risk of “shoot- 
through”. For all of the above reasons it is wise not to over- 
charge the gate of the power device. 


Under-Voitage Requirements 


The designer must pay attention to how low the Bias Supply 
voltage can go before causing the forward voltage drop of 
the power switch to increase dangerously. Generally, this 
voltage will be about 8 volts or less. The HIP2500 provides 
undervoltage protection at typically 9 volts, although the min- 
imum trip value can be as low as 7.7 volts. 


To reset the undervolitage circuit requires that the supply 
voltage exceed the trip level by at least 0.25 volts (the hyster- 
esis of the U/V circuit). To again turn on a switch, a new 
edge signal must be generated by issuing a new high input 
on the desired input (HIN / LIN). 


Lower Bias Supply Design 


The lower bias supply design is simple, but must be clean and 
have low series resistance and inductance between the source 
and the VCC terminals. Also the common from the supply 
source to the COM terminal on the IC should be short and of 
low impedance. Usually it is sufficient to put a low ESR capaci- 
tor of a few microfarads directly from Voc to COM. In any event, 
this capacitor must have sufficient charge to dump into the 
bootstrap capacitor whenever the VS (phase) terminal moves 
toward COM. This happens when the lower switch is on and 
usually whenever the upper switch has just been turned off. 
This will be explained in more detail under Bootstrap Circuit 
Design. 


Another point to remember is that the voltage remaining on the 
bypass capacitor after dumping to the bootstrap capacitor 
should not cause the voltage on the bypass capacitor to drop 
below the Maximum undervoitage trip level. This level can be 
as high as 9.99 volts. Of course this assumes no current will 
come from the external bias supply during the refresh time. In 
practice, your supply will probably not be this soft and a good 
rule of thumb is to choose a bypass capacitor about 10 times 
larger than the bootstrap capacitance. 


Bootstrap Circult Design 


The upper bias is maintained by the Bootstrap Capacitor 
between refresh cycles. A refresh cycle is defined as the 
time which elapses between conduction periods of the lower 
power switch and/or its body diode or flyback diode. Some- 
times compromises on the size of the bootstrap capacitor 
must be made. For example, the capacitor should not be so 
large as to require an excessively long refresh period. Nor 
should it be so small that the voltage droops below the und- 
ervoltage trip point during the upper switch conduction 
period. 


The largest factor in the amount of droop for frequencies 
above several KHz is the magnitude of charge required to 
charge the gate input capacitance of the driven switch to its 
final voltage. The charge lost by the bootstrap capacitor will 
be slightly larger than the charge acquired by the gate 
capacitance of the power switch as shown in (EQ. 1): 


Qg ~ (Vegy — Vesa) Cas (EQ. 1) 


Cgs voltage immediately after refresh 
Cgs voltage immediately before refresh 
Bootstrap capacitance 

Turn-on Gate charge transferred 


< 
& 
HouoW W 


Figure 6 will help to understand the operation of the boot- 
strap circuit. The figure shows the refresh current paths 
which will charge the bootstrap capacitor to prepare it for 
driving the upper power switch. As previously stated, when- 
ever the lower switch, its body diode or an external flyback 
diode conducts, the phase node (Vs) to which the load is 
connected, goes low toward the COM potential. The voltage 
at Voc forces current through the bootstrap diode, the boot- 
strap capacitor and the lower switch/diode combination as 
shown by the arrows in Figure 6. 


BOOTSTRAP CURRENT FLOW 


FIGURE 6. HVIC BOOTSTRAP CHARGING PATH 
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To charge the bootstrap capacitor quickly, without ringing or 
excessive overshoot, maintain a short, tight bootstrap 
refresh loop. This usually requires a low ESR decoupling 
capacitor located adjacent to HIP2500 from Voc to COM and 
close positioning of the power switches to the HIP2500. The 
bootstrap capacitor and diode should also be located adja- 
cent to the HIP2500 to aid in keeping this loop as short as 
possible, thereby minimizing the impedance of this loop. 


To insure that the bootstrap capacitor voltage is maintained, 
it is usually necessary to turn on the lower switch each and 
every cycle of the PWM waveform. The duration of the 
refresh period should be long enough to guarantee that 
refreshing will be complete. 


Relying on the lower freewheeling or body diode to provide 
refreshing without physically turning on the lower switch may 
fail to properly refresh the bootstrap capacitor under certain 
circumstances. This can happen when the load current is 
either zero or in a direction as to flow into the upper free- 
wheel diode or body diode into the high voltage bus. Unless 
the lower power switch is turned on each cycle for the short 
refresh period, the bootstrap capacitor may not get 
refreshed. The conditions which can lead to this situation 
often occur in motor controls where the motor is coasting in 
one direction or the other at extremely light loads. Also 
controllers with a tendency to “over-modulate” can cause a 
refresh failure. 


Users, anxious to get their circuit up and running quickly, will 
find that a ceramic bootstrap capacitor of approximately 
0.1pF to 0.15uF will be sufficient to drive most small to 
medium size MOSFETs. The leadless surface-mount capac- 
itors minimize series inductance and enhance rapid refresh- 
ing of this capacitor. 


The bootstrap diode should be a small signal high voltage 
type capable of blocking full DC bus voltage plus the Vcc 
voltage. The recovery charge of the diode should be small 
so that when it recovers it will not appreciably discharge the 
bootstrap capacitor. Leakage current is usually not a con- 
cern, since the recovered charge of the diode will be much 
more significant than the leakage current over the PWM 
cycle. A 1000 volt signal diode, such as industry standard 
1N5622, is preferable to a lower voltage diode, since its junc- 
tion capacitance and recovered charge will be smaller. Also 
a higher voltage diode will have a low reverse leakage cur- 
rent when operated at half of its rated blocking voltage. Stan- 
dard small signal diodes such as the 1N4000 series should 
be avoided. No rule of thumb will work in all situations, so it 
is usually better to take a more detailed look at all the factors 
which affect the bootstrap capacitor size. 


The required value of capacitance depends on the Vcc volt- 
age, the switching frequency, the HIP2500 high side supply 
current requirement, and the amount of equivalent gate 
capacitance or gate charge required to fully charge the gate. 
The gate charge requirement is generally included on most 
MOSFET data sheets. Figure 7 shows a curve for a Harris 
IRF450 MOSFET. By designing the bootstrap circuit to sup- 
ply the total required gate charge shown on the MOSFET 
data sheet, the designer has included the effects of the Miller 
capacitance. 


Vag GATE-TO-SOURCE VOLTAGE (V) 


Qg TOTAL GATE CHARGE (nC) 
FIGURE 7. GATE CHARGE vs VOLTAGE 


As previously mentioned, the layout of the bootstrap circuit 
should be compact so as to minimize the series inductance 
of the bootstrap circuit. Excessive inductance will interfere 
with rapidly charging the bootstrap capacitor during the time 
provided by the minimum off-time of the upper switch. The 
time allotted for turning off the upper switch is under full con- 
trol of the circuit designer. However, maximum switching fre- 
quency and duty cycle requirements often forces the 
designer to live with “off-times” of less than 1 microsecond. 
As the allotted refresh time is forced lower and lower, the 
need for a short refresh loop becomes crucial. 


A Real Example 


A more exact sizing of the bootstrap capacitor than indicated 
by (EQ. 1) takes into account the upper bias supply current 
to the HIP2500 and leakage and recovery effects of the 
bootstrap diode. Obviously PWM frequency will affect the 
size requirement of the bootstrap capacitor too, so it would 
be valuable to include PWM frequency as well. if we define 
the following terms: 


Bootstrap diode reverse leakage current 


lbR = 

lass = Upper supply quiescent current 

Q, = Bootstrap diode reverse recovered charge 
Qg = Turn-on Gate charge transferred 

fpwa = PWM operating frequency 

Ves; = Cas voltage immediately after refresh 
Vaso = Cgs voltage immediately before refresh 
Ces = Bootstrap capacitance 


then it will be possible to calculate a value for the bootstrap 
capacitor as shown in(EQ. 2): 


(7 
Q,+0,,+ DR* QBS 
rr f 
— PWM (EQ. 2) 
BS ~ Voc, —-V 
BS1~ “BS2 


As an example, suppose we wish to drive an IRF450 to 15 
volts allowing a droop of 0.5 volts over the PWM cycle (i.e.: 
Vas1-Vaso) with a 16 nano-coulomb recovery charge and a leak- 
age current of 2 micro-amps for the bootstrap diode with a 
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maximum bias current, lqgs, Of 400 micro-amps. The gate 
charge, Qe, of 120 nano-coulombs required to drive the IRF450 
was read from the data sheet (see Figure 7). The desired PWM 
switching frequency will be 20KHz. Using (EQ. 2), one would 
need a bootstrap capacitance of at least 0.31 microfarads. Since 
0.33 microfarads is the next larger standard capacitance avail- 
able, a ceramic capacitor of this value will be chosen. 


The length of the refresh time required to charge the boot- 
strap capacitor still needs to be evaluated. The refresh loop 
is comprised of the bootstrap capacitor, the bootstrap diode, 
Stray circuit board resistance (the designer has laid out his 
circuit to minimize this and stray inductance) and the Rpson 
of the power switch. The Rpson of the IRF450 is approxi- 
mately 0.3 ohms at 10 amps. To the above must be added 
the rp of the bootstrap diode, which is about 1.1 ohms max. 
at 1.0 amp. Assuming another 0.1 ohm series resistance for 
the capacitor and circuit board traces, then a total resistance 
of about 1.5 ohms is in the bootstrap loop. The charge time 
constant of the bootstrap capacitor is the product of the loop 
resistance of 1.5 ohms and the bootstrap capacitance of 
0.33 microfarads. This yields 0.5 seconds charging time con- 
stant. If 2 time constants are reserved for charging, then the 
bootstrap capacitor will only charge to about 86% of the Voc 
supply. In 3 time constants it will charge to 95% of the Voc 
supply. Keep in mind that the U/V circuit maximum trip level 
is 9.99 volts. This fact will impact the choice of capacitor and 
the allotted refresh time. If we assume 3 time constants are 
sufficient, then to drive the IRF450 to 15 volts would require 
a Voc voltage of 15/95%, or 15.8 volts. 


Propagation Delay Issues 


The HIP2500 is designed to enhance rejection of noise from 
external circuits. Several filters and signal integrators are 
used to accomplish the noise rejection resulting in input to 
output propagation delays on the order of 400 nanoseconds. 
Much of the propagation delay associated with the upper 
switch is a result of the level-shift circuit. To better match the 
upper and lower propagation delays, additional delays were 
inserted in the lower circuit. Filter and matching circuits were 
designed to provide tracking of upper and lower propagation 
delays over temperature and bias voltage changes. In prac- 
tice very good tracking is achievable, with the “on-delays” 
increasing approximately 150 nanoseconds over tempera- 
ture and the “off-delays” increasing about 100 nanoseconds 
over temperature. Because the absolute propagation delays 
of the upper and lower circuits were not exactly matched, it is 
necessary to call attention to them so that the circuit 
designer can compensate for them. 


The variation in propagation delays manifests itself in vary- 
ing dead-times. Dead-time is defined as the time between 
the fall of one of the gate voltage waveforms and the rise of 
the other gate voltage waveform. The midpoints in the gate 
voltage waveforms are used to time the measurement. A 
1000 picofarad load is used to simulate the “typical” power 
device gate-source load. It is possible, when turning off the 
upper and turning on the lower switch, to experience a 
slightly negative dead-time of less than 50 nanoseconds. 
The minimum dead-time experienced going the other way 
(turning off the lower and turning on the upper switch) is 95 


nanoseconds. The best way to guarantee that proper 
dead-time always exists is to insure that the signals driving 
the LIN and HIN inputs of the HIP2500 always include 
dead-time. This will prevent shoot-through conduction and 
possible power device destruction. Dead-time can be 
enhanced by using the technique shown in Figure 4. With 
proper choice of series gate resistance, it may be possible to 
completely mask the effects of dead-time mismatch. 


Power Dissipation and Thermal Design 


The power dissipated in the HIP2500 can be lumped into 
static and dynamic losses. The static losses are limited to 
bias current losses for the upper and lower sections of the 
IC. The lower bias current, lgcc, is typically 1.5 mA at +25°C. 
The upper bias current, Iqgs, is typically 300pA. At 15 volts 
bias, the total power dissipation is less than 30 milli-watts. 
Since lapp is typically only 100 pico-amps, the losses asso- 
ciated with this bias current is insignificant. 


The switching losses are those losses associated with turn- 
ing on and off the upper and lower power devices. These are 
the significant losses within the HIP2500. The switching 
losses can be further broken down into the following compo- 
nents: 


¢ Low Voltage Gate Drive Charge Transfer 
e High Voltage Level-Shifter 
¢ High Voltage Tub-Capacitance Charge Transfer 


The low voltage gate drive charge transfer power loss is the 
most significant of the 3 loss components above. (EQ. 3) 
describes the power loss attributable to the upper and lower 
switch gate charge transfer as a function of bias supply, Voc, 
switching frequency, fpwy, gate charge, Qg, and the 
HIP2500 internal CMOS charge transfer losses, Qinternal, Of 
the driver stages. Unless the gate charge of the power 
device is very small, Qinternai iS Not very significant. 


= 2 (a, +a 


Pp 
SWLO PWM nerennue? Yoo (EQ.3) 


The high voltage level-shifter power dissipation, EQ. 4, is 
much more difficult to analyze. The reason that this equation 
is hard to solve is that the level-shift current pulses, i, and 
io and the phase voltage, Vg, ix, are all functions of time and 
the phase voltage moves in response to power switch turnon 
and turnoff, which is also dependent on the power MOSFET 
or IGBT used. The i,,, pulse, for example, may come and go 
before any movement in the phase voltage is evident and 
therefore dissipate very little energy. The phase voltage usu- 
ally will be a maximum when the i,¢ pulse comes, so the off 
pulse may dissipate quite a bit of energy. 


T 


1 
P = =/U... +i 
SHIFT +] Con orr) ‘SHIFT 
0 


(EQ. 4) 


Finally, the tub capacitance power dissipation can be calcu- 
lated from EQ. 5. The “tub” is the p-n junction which isolates 
all of the circuitry associated with the high side driver from all 
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of the low side circuits. The calculation is a charge transfer 
energy calculation very similar to that used for the gate 
charge transfer, except that the charge is much smaller and 
the voltage, Vsniz, Much larger. This capacitance unfortu- 
nately varies with voltage and it is difficult to measure. The 
tub capacitance charge transfer losses are shared between 
resistances both internal and external to the HIP2500. A 
conservative approach, however, assumes all of the losses 
are dissipated within the HIP2500. 


= c¢ 2 


r Vv f 
TUB TUB SHIFT PWM cam 8] 


Power Dissipation The Easy Way 


Fortunately there is a much easier method available for mea- 
suring power dissipation and none of the above equations 
ever need to be evaluated. Very simple lab equipment can 
be used to obtain the measurements and simple calculations 
can be used to obtain accurate results. 


The simple method for evaluating power dissipation breaks 
down the total power dissipation problem into high voltage 
power dissipation and low voltage power dissipation. 


FIGURE 8. LOW VOLTAGE POWER DISSIPATION TEST 
CIRCUIT 


Low Voltage Power Dissipation 


The low voltage power dissipation includes low voltage leak- 
age and switching losses associated with gating both of the 
power switches. It also includes the CMOS switching losses 
associated with both driver stages. As shown in Figure 8, the 
upper and lower bias supplies are tied together and supplied 
by bias voltage Vcc, while capacitors C, are tied to both of 
the HIP2500 outputs. Both inputs are then pulsed at the fre- 
quency of interest and the average current, log is measured. 
The total low voltage power dissipation is then simply the 
product of loc and Vcc as shown in EQ. 6 below: 


. (EQ. 6) 


tv = Yeclee 
Plotting the results of EQ. 6 as a function of switching fre- 
quency and the load capacitance of each of the power 
switches yields a family of curves for the low voltage power 
dissipation of the HIP2500 as shown in Figure 9. 


10 


an 
E 
= 1 
3 
a 
3 
oc 9.1 
é 
Vs = Vgg = COM, Veg = Voc = 15V DC, Ty = +25°C 
0.01 ALL SWITCHING LOSSES ASSUMED TO BE IN IC 
10 
SWITCHING FREQUENCY (KHz) 
FIGURE 9. LOW VOLTAGE POWER DISSIPATION vs 
FREQUENCY 


If the quiescent bias current and CMOS switching losses are 
subtracted from the above power calculation, what is left is 
the power required to drive the gate-source capacitance of 
the power switches. The power required from Vcc to drive 
the gates can also be calculated by EQ. 7, where Cg is the 
combined equivalent gate capacitance of both power 
switches. Half of this power is dissipated in the combined 
source resistance of the driver and any external resistance 
in the source circuit and the other half of the power is dissi- 
pated in the sinking circuit, including any external resistance 
in the sinking path. 


= ye 


High Voltage Power Dissipation 


The high voltage power dissipation component includes the 
losses associated with the level-shifter and the tub charge 
transfer power losses. This component is not affected by the 
size of the power device being switched. Figure 9 shows the 
test circuit which is used to measure the high voltage 
level-shifter and high voltage leakage power losses. 


FIGURE 10. HIGH VOLTAGE POWER DISSIPATION TEST 
CIRCUIT 
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By measuring Is and Vays and calculating the product of 
these measurements, one can obtain the value for total high 
voltage power loss for the HIP2500. The value derived will 
include both reverse leakage power due to the isolation tub 
and two level-shift events. Both the turnon level-shift and the 
turnoff level-shift events are included. The high voltage 
power dissipation will increase directly with both switching 
frequency and bus voltage level as shown in Figure 11. 
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FIGURE 11. HIGH VOLTAGE POWER DISSIPATION vs SWITCH- 
ING FREQUENCY 
Layout Issues 


While a lot of effort was spent in designing the HIP2500 to 
be immune to noise, poor layout can cause problems. 


Particular attention should be paid to keeping the distance 
between the HIP2500 and the power switches as short as 
possible. If your design is experiencing any of these effects, 
it may be helpful to first look at the possible causes in the 
table: Layout Problems and Effects. 


Layout Problems and Effects 


EFFECT 


Inductance can cause voltage on boot- 
Strap capacitor to ring, slowing down re- 
fresh and/or causing an overvoltage on 
bootstrap bias supply. 


PROBLEM 


Bootstrap circuit path 
too long 


Can cause ringing on the phase lead (Vs) 
causing Vs to ring excessively below the 
COM terminal causing possible malfunc- 
tion of the HIP2500 due to excessive 
charge being pulled out of the substrate. 


Lack of tight power 
circuit layout (long 
circuit path between 
upper/lower power 
switches) 


Excessive gate lead 
lengths 


Can cause gate voltage ringing and sub- 
sequent modulation of the drain current 
and impairs the effectiveness of the sink 
driver from minimizing Miller Effect when 
an opposing switch is being rapidly turned 
on. 


Can cause drive pulses to disappear or 
excessive current flow between Vss and 
COM. 


Quick Help Table 


To aid in locating possible solutions to problems which can 
occur in applying the HIP2500 and similar high voltage IC 
gate-drivers, the following table is included. 


General Problems and Effects 


PROBLEM EFFECT 


LOW Vpp and Ves Low supply voltages can cause U/V lock- 
out and blocking of gate drive. 


High Vpp and Vas Causes wasted bias supply power due to 


overcharging the gates of the external 
Ce too small 


switches and can result in reduced reliabil- 


ity due to decreased voltage margin to 
Reate too big 


Max. bias voltage rating and increased op- 
erating temperature of the IC. 


Insufficient charge to drive external power 
devices and/or possible U/V lockout can 
occur. 


The bootstrap capacitor may not charge 
sufficiently to overcome U/V lockout level 
and gate drive never occurs. Either de- 
crease Cr or increase the refresh time al- 
lotted to charge Ce 


Reate X Cr time constant too long causing 
excessive power device switching losses. 
Also Rare too big may fail to hold gate 
low when the opposing power device turns 
on, tending to either turn on the device 
prematurely or slow desired turn-off, due 
to the Miller Effect. May need to bypass 
Rearte with an anti-parallel signal diode. 


Reare too small tends to reduce effective 
dead time and increase shoot-through ten- 
dency. Also switching dv/dt increases EMI. 


Rearte too smail 


Negative or insuffi- 
cient dead-time 


Can cause external power devices and the 
IC to fail, possibly destroying circuit board 
traces also. This also tends to severely re- 
duce “refresh” time (see Cr too large, 
above). 


HIP2500 IC gets too | Trying to drive too large an external power 
device. Reduce the switching frequency, 
the high voltage bus or find a power device 
with a lower equivalent gate capacitance. 
You may also be able to increase air flow 
over the IC and/or add heat-sinking. 


Unexplained arcing in | Poorly cleaned, dirty or improper attention 
vicinity of pins 3, 4 to strike and creepage distances for the 
and 5 of IC bus voltage level being used may cause 
this damage or similar damage between 
traces going to these points. 
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HVIC/IGBT HALF-BRIDGE CONVERTER 
EVALUATION CIRCUIT 


Author: George Danz 


Harris Intelligent Power 


The HVIC high voltage integrated circuit is designed to drive 
n-channel IGBTs or MOSFETs in a half-bridge configuration 
up to 500Vpc. Power supply and motor control inverters can 
be configured for voltages up to 230Vac using the HVIC, 
IGBTs and a few other components. 


A few precautions should be taken in using the circuit. Lead 
lengths between the external power circuit (including gate 
and pilot leads), the 15V bypass capacitor (Cpp), the boot- 
strap diode (De) and capacitor (Ce) and the HVIC should be 
minimized. 

The basic components required to evaluate the features of 
the SP601 are shown in the simplified schematic. The rec- 
ommended load is largely resistive so that the largest cur- 
rent component will flow through the IGBTs, IGT1 and IGT2. 


The flyback diodes, D1 and D2, rated 8A, will carry a much 
smaller flyback current component. A small amount of load 


Simplified Schematic 


+ 
15V — PULSE 


GEN 
b +15V 


Cop s 10uF 


HVIC - Harris Part # SP601 (Formerly GS601) 
IGT1, 2 - Harris Part # HGTA24N60D1C 


Copyright © Harris Corporation 1992 


D1, 2 - Harris Part # RUR860 
D- - Harris Part # A114M 


inductance will cause the switching waveforms to simulate 
the conditions which would normally be observed with motor 
or transformer loads, while limiting the current carried by the 
lower rated flyback diodes in this circuit. 


The values for Rpya, Rpup etc., have been chosen to result 
in overcurrent trip at approximately 25Apk. At this level of 
current, heat sinking for the IGTs and flyback diodes is 
required. The series resistance of the upper and lower pilot 
resistor dividers would be approximately 1KQ; the divider 
ratio should cause 0.1V at the tap at the desired trip current. 


When first energizing your evaluation circuit, begin with a 
reduced bus voltage of about 20Vpc¢ to 30Vp¢ to verify proper 
Circuit operation before proceeding to higher voltages. 


More specific information can be found in File Number 2428 
and File Number 2429 Half-Bridge 500Vpc Driver data 
sheets and in the Application Note, AN-8829.1. 


25ypc Ss Vunk 3 500Vpc 


/ 


Reus Reps - 9100, 1.8W 
Reup: Rey, - 680, 1.8W 


C1 - 0.1pF, 600Vp¢ 
R, - 202, 3KW 13 -50 
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Harris Intelligent Power 


PROTECTION CIRCUITS FOR QUAD AND OCTAL 
LOW SIDE POWER DRIVERS 


by Wayne Austin 


Overview 


Normally, the defined requirements for a Quad or Octal Driver 
are very much affected by the type of protection circuits used on 
the chip. Fault protection for an open or shorted load is an inter- 
active function, making it important in the decision process of 
specifying the proper IC for an application. The various types of 
on-chip features may include protection for over-current, over- 
voltage and over-temperature. The response action to a fault 
condition may be either limiting or shutdown. Shutdown methods 
may include hysteresis and may require a logic reset. On-chip 
clamp diodes provide current steering to an external zener diode 
Clamp as over-voltage protection from inductive switching pulses. 
Internal Zener diodes are also used to limit the output voltage on 
the output driver of the IC. In addition, fault detection is available 
with diagnostic feedback, including serial bus (SPI) control. All of 
the protection features noted are represented in the Table 1 list- 
ing of Quad and Octal Low Side Drivers: 


TABLE 1. QUAD & OCTAL LOW SIDE POWER DRIVERS 


DESCRIPTION KEY FEATURES 


CA3242 |Quad Gated Inverting |Over-Current Latch-Off, Fast 
Power Dr. Fault Shut-Down, Output 
Protection Diodes 
CA3262 |Quad Gated Inverting |Over-Current Limiting, Over- 
Power Dr. Temperature Limiting, Output 
Protection Diodes 
CA3262A | Quad Gated Inverting |Same as CA3262 plus +125°C 
Power Dr. Max. T, Range. 


Quad Gated Inverting |Over-Current and Temp. Lim- 
Power Dr. with Fault iting, Fault Flag Output, 
Mode Diag. Flag Output |+125°C Max. T, Range. 
CA3272A has improved Fault 
Flag Output Drive Capability. 
Over-Current and Over-Volt- 
age Fault Mode Protection 
with Fault Mode Feedback/ 
Control with -40°C to +125°C 
Max. T, Range. 


CA3292A |Quad Gated Inverting {Similar to CA3272A with add- 
Power Dr. with Fault ed Internal Over-Voltage Out- 
Mode Diag. Flag Output | put Clamp. 


1A and 2A Quad Gated | Over-Current (Latch-Off), 
inverting Power Drs. Over-Temperature (Gates- 
with Multi-mode Diag. |Off), Open Load and Output 
Feedback Ground Short Detection, Over- 
Voltage Internal Output Clamp 
Diodes, Fault Mode Feed- 
back/Control and -40°C to 
+125°C Max. T, Range. 


CA3282 {Octal Driver with SPI 


Logic Control 


ipood 


Copyright © Harris Corporation 1992 


While the CA3282 Octal Driver is quite different from the 
quad drivers, it is included here because it is used in similar 
applications. The CA3282, HIPOO80 and HIP0OO81 feature 
Power BiMOS with MOSFET Output Drivers for higher cur- 
rent and voltage capability. Because of the additional 
dissipation associated with these drivers, the CA3282 and 
HIPO081 are provided in a 15 pin SIP power package. The 
other Quad Drivers are available in the 16 pin DIP and/or 28 
lead PLCC packages which have special construction for 
improved heat dissipation. All of these Low Side Switches 
generally share a common characteristic of 5V input CMOS 
or TTL logic level control. 


The Quad and Octal Power Drivers include a wide variation 
of choice in selecting a device type. The available types are 
listed in TABLE 1 which also highlights the key parameters 
for most applications. By-type, the protection features of the 
Quad and Octal Drivers are listed in the table and are 
explained in the following detail of this IC Application Note to 
assist the user in making an intelligent device selection for 


the application of interest. 


CA3242 Quad Power Driver 


In normal use, the supply voltage is applied through a load to 
an NPN open collector output of the CA3242 quad driver. 
The functional block diagram is shown in Figure 1. The max- 
imum current rating of 1A does not distinguish between 
average and peak. Each output is independently protected 
and latches “OFF” when the load current exceeds the latch- 
off threshold in the “ON” state. The CA3242E feature of 
short circuit protection is a responsive high-speed shutdown 
of the output drive to a shorted load. Under worse-case 
shorted load conditions, the supply voltage is applied direct 
to the output device. The latch-off threshold is typically 1.3V 
(IscRoy), where Roy is the saturated “ON” resistance of the 
output. The CA3242 latches “OFF” at a typical short circuit 
current of 1.2A with 25s nominal delay. The ENABLE or the 
IN pin of the latch-tripped channel must be toggled to reset 
the latch. 


To better understand the mechanism of protection when the 
CA3242 is subjected to a shorting condition, Figure 2 illus- 
trates that part of the Figure 1 noted as the “PROT” 
functional block. When an over-load current is applied to an 
output driver, the Vsa7 increases to a threshold level set in a 
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TABLE 2. QUAD AND OCTAL DRIVER FEATURES 


CA3272 
CA3272A | CA3292A HIPO080 HIPOO81 


Max. Load Switching 
Voltage, VcE(sus) or 
VcLAMP Limited 

Typical Output Current 
Limiting and/or Shutdown 
Protection 


Output Thermal Limiting 


1.4A 
on 


Temp. ae 
-40°C to __ 


Packages: 
16 DIP Pwr WEB 
(PC Bd, 8),) 

28 PLCC Pwr WEB 
(PC Bd, 85a) 

15 SIP (Tab H.S., 8jc) 


comparator circuit. The comparator outputs a switching sig- 
nal to the protection latch and the input drive is “latched-off”. 
The input may be reset with an INPUT or ENABLE toggle, or 
by and ON-OFF toggle of the power supply to the control cir- 
cuits. 
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FIGURE 1. CA3242 FUNCTIONAL BLOCK DIAGRAM 


imiti 155°C 155°C 165°C 165°C 
and/or Shutdown Protec- (Limits) (Limits) (15°C hys.) | (15°C hys.) | (15°C hys.) 
tion (Temp. Ty) 


Over-Voltage Protection Current Steering Clamp Diode | None | 
Fault Diagnostics Po NO Fault Flag Fault Mode Flag and Feedback 


OCrAL 
DR.) 


Max. Output Voltage, 32V Typ. 36V Typ. 80V Typ. 32V Typ. 
No Load (Clamp) (Clamp) (Clamp) (Clamp) 
Max. Output Load 
Current 

Max. Vsar Output Voltage | 0.8V at 0.6A | 0.6V at 0.6A | 0.5V at 0.6A | 0.4V at 0.5A | 0.4V at 0.5A 
Max. Rox Output Resis- 1.02 atO0.5A} O0.5Q at1A | 19 at 0.5A 
tance 


150°C 150°C 


Zener Diode Feedback Clamp 


125°C 


Proper application will protect the CA3242E during turn-off 
under shorted load conditions. Observations of wide ranging 
conditions have been done to test the shutdown behavior 
and has revealed several pitfalls that should be addressed to 
assure safe shutdown. One should be aware that a forced 
short circuit test condition may be considerably more severe 
than a normal application shorted load. In either case, two 
problems arise that affect the severity of the overload during 
shutdown. These are: 


1. A shorted load is inductive and causes the generation of 
voltage spikes, exposing the output device to at least 2 
times the value of the V+ supply voltage. 


2. Lack of bypassing can provoke severe oscillations during 
the delay period before shutdown is complete. This is typ- 
ically less than 25ys. 


The result of this oscillation with an inductive load is to alter- 
nately stress the output device in both a forward and reverse 
direction at rates as high as 1mHz, lasting until shutdown 
occurs. This problem is compounded in some applications 
when 2 or more devices are used in parallel to increase drive 
output. In this case, a short may now draw twice the current of 
one driver which, in turn, results in almost twice the unclamped 
voltage spike developed across each output transistor. 


To suppress oscillations during shutdown requires some 
attention to the use of adequate bypassing of both the +5V 
Vcc supply and the battery or output supply voltage. 
Bypassing the output supply will minimize both the transient 
oscillations and the voltage spike effects of lead inductance. 
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Then, the shorted output is stressed in the forward bias 
mode with the shorted current determined by voltage 
source, duration of short, line resistance and the resistance 
of the saturated output. In a practical application, the load 
and any potential short may occur in a remote location. As 
such, bypassing the output supply may not be practical. 
Bypassing the +5V supply with a 0.1yF capacitor closely 
wired to pins 11 and 12 of the CA3242E constitutes ade- 
quate bypassing of the +5V supply. 


Because voltage spikes are normal to the application, a 30V 
zener “clamp” diode is needed to limit the device output volt- 
age spikes to less than the maximum rating of 35V. The 
zener clamp diode protection should be closely wired to pins 
of the output divide in order to avoid any delay in the voltage 
clamping action. Alternatively, the on-chip diodes may be 
used in a free wheeling mode by connecting the CLAMP 
pins to the supply voltage if it does not exceed 30V during 
transients. Zener diode clamp protection is preferred over 
the power supply clamp option, primarily because the power 
supply may be subject to large transient changes. 


CLAMP 
INPUT_ 


OUT_ 


FIGURE 2. CA3242 FUNCTIONAL DIAGRAM FOR EACH OUTPUT 
CHANNEL SHOWN WITH PROTECTION CIRCUIT 


CA3262 and CA3262A Quad Power 
Drivers 


The CA3262 is a quad-gated inverting low-side driver capa- 
ble of switching 700mA load currents (at +25°C) in each 
output without interaction between the outputs. Shown in 
Figure 3, each output is independently protected with over- 
current limiting and over temperature limiting features. If an 
output load is shorted, the remaining three outputs function 
normally unless the junction temperature of their output 
device exceeds the over temperature limiting threshold of 
+155°C (typical). Current limiting prevents the output current 
from exceeding a value determined by the design (1.2A typi- 
Cal), independent of the load condition. The power 
dissipation of the shorted output driver is equal to the prod- 
uct of the limiting value of current and the applied output 
collector voltage. If this value causes the junction tempera- 
ture to exceed +155°C (typical), the base drive to the output 
transistor, and thereby it’s collector current, is reduced until 
the resulting power dissipation is equal to that value which 
maintains the junction temperature at the thermal limit value. 
The current which flows in the output transistor in a short cir- 
Cuit mode is therefore a function of the ambient temperature, 
the thermal resistance of the package in the application, the 
total power dissipated in the package. If the short is 
removed, normal operation resumes automatically. 


In order to clamp high voltage pulses which may be gener- 
ated by switching inductive energy in the load circuit, zener 
diodes with a value not greater than 30V should be con- 
nected to the CLAMP pins. On-chip diodes are connected 
from each output to one of the two CLAMP pins and are 
intended for use as steering diodes to provide a path for the 
clamped pulse current to a CLAMP pin; allowing the use of 
one zener diode to clamp all outputs. Alternatively, the on- 
chip diodes may be used in a free-wheeling mode by con- 
necting the CLAMP pins to the supply voltage if it does not 
exceed 30V during transients. Zener diode clamp protection 
is preferred over the power supply clamp option, primarily 
because the power supply voltage may be subject to large 
transient changes. Note that the rate of change of the output 
current during switching is very fast. Therefore, even small 
values of inductance (such as the inductance of several 
meters of wire) in the load circuit can generate voltage 
spikes of considerable amplitude on the output terminals and 
may require clamping to prevent damage. 


The CA3262A is a lower Vsar version of the CA3262 and is rated 
for +125°C ambient temperature applications. The CA3262 is 
limited to about +100°C (data sheet rating at +85°C) ambient 
temperatures. Otherwise, the protection features described here 
apply to both versions. Figure 3 shows a functional block diagram 
for the CA3262 and CA3262A. Each type has independent cur- 
rent limiting and thermal limiting protection for each output driver. 
The maximum current rating of each output is typically greater 
than 1.2A. However, this is not a users choice rating, the current 
limiting may range from 0.7A to as high as 2A. 


Typical applications of the CA3242 and CA3262 quad driv- 
ers with the recommended method for use of the current 
steering diodes is shown in the circuit of Figure 4. Where 
inductive loads are not used, the protective diodes need not 
be externally connected. However, the user should be alert 
to the potential for stored energy in long wire connections to 
the load circuits. 


= 
ND a= 
oro 


PINS 4, 5, 12 AND 13 GROUND (PACKAGE E) 
PINS 5-11 AND 19-25 GROUND (PACKAGE Q) 
PIN #’S IN PARENTHESIS APPLY TO PACKAGE Q 


FIGURE 3. CA3262 AND CA3262A FUNCTIONAL BLOCK 
DIAGRAM 
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FIGURE 4. TYPICAL APPLICATION CIRCUIT FOR THE CA3262 AND CA3262A QUAD POWER DRIVERS WITH PROTECTION DF 
ODES EXTERNALLY CONNECTED TO A ZENER CLAMP DIODE FOR INDUCTIVE LOAD PROTECTION. 


The CA3262 and CA3262A will typically survive when 
shorted if the output supply voltage is less than 18V. This 
potential for failure is flagged in the data sheet as a note 
under the Electrical Characteristics table. It takes a few milli- 
seconds to shutdown when the output is short circuited. 
During shutdown the dissipation may be excessive and is 
primarily determined by Isc which is the limiting current. The 
short-circuit current will be limited but the voltage that the 
shorted output sees may approach Vsyppyy. Not considering 
transient effects, the worst case dissipation would be Pp = 
(Vsuppiy)X(Isc). Normally, a shorted solenoid or relay will 
have a few ohms of impedance which should prevent cata- 
strophic IC failure in 12V automotive applications. A typical 
value for Isc is 1.3A. Roy is the saturated collector resis- 
tance of the output transistor with a typical value of 1 
Vsuppty IS normally 9V to 16V in automotive applications. 
The thermal shutdown could be made faster but the circuit 
would not be able to effectively drive lamps which have a 
very low resistance in a cold start-up. Lamp drive capability 
is a common application use for the CA3262 and CA3262A. 


CA3272 and CA3292 Quad Power Drivers 
with Fault Mode Flag 


The CA3272 and CA3292 are quad-gated inverting low-side 
power drivers with a fault diagnostic flag output. They are 
rated for +125°C ambient temperature applications and 
have current limiting and thermal shutdown. As shown in 
Figure 5, they differ from the CA3262A by not having output 
clamp diodes but do have the diagnostic short-circuit flag 
outputs. Each output driver is capable of switching 400mA 
load currents at +125°C ambient without interaction between 
the outputs. Current limiting functions in the same manner 
as the CA3262 with a typical limit value of 1.2A. The current 
limiting range is set for 0.6A to 1.6A. While the thermal shut- 


down characteristics differ from the CA3262 by having 
hysteresis, the same precaution applies for potential dam- 
age from high transient dissipation during thermal shutdown. 
The CA3272Q, CA3272AQ and CA3292AQ Quad Driver are 
provided in the 28 pin web-leadframe PLCC package. This 
package has slightly lower thermal resistance than the 16 
lead DIP package with a web leadframe. 


The FAULT DETECTOR circuit of the CA3272, CA3272A 
and CA3292A is shown in Figure 6 as an equivalent logic 
block diagram. Channel A is one of 4 power switching func- 
tions displayed in the diagram. Transistor Q, is the protected 
power transistor switch that drives the “OUT A” terminal. The 
FAULT DETECTOR block illustrates the logic functions asso- 
ciated with FAULT DETECTION. The ENABLE input is 
common to each of the 4 power switches and also disables 
the FAULT output when it is low. From the “IN A” input to the 
“OUT A” output, the switch condition is inverting (NAND). 
When IN is high, OUT is low. The FAULT DETECTOR 
senses the IN and OUT states and switches Q- “ON” if a 
fault is detected. Transistor Q- activates a sink current 
source to pull-down the FAULT pin to a 0 (low) state when 
the fault is detected. Both shorted and open load conditions 
are detected. 


The CA3292A is equivalent to the CA3272A except that it 
has internal clamp diodes on the outputs to handle inductive 
switching pulses from the output load. The CA3272A and 
CA3292A have significantly higher Io, FAULT output drive 
than the CA3272. Expanded functional block diagram detail 
of the fault logic is similar to that of the CA3272 as shown in 
Figure 6. The structure of each CA3292A output, shown in 
Figure 6B, includes a zener diode from collector-to-base of 
the output transistor. This is a different form of protection 
than the CA3242 or CA3262 which have current steering 
clamp diodes on each output, paired to one of two “CLAMP” 
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output pins. The CA3292A output transistor will turn-on at 
the clamp voltage threshold which is typically 32V and the 
output transistor will dump the pulse energy through the out- 
put driver to ground. 


ar ea ea 7 
4 Voc 
ENABLE 0+ co 118 
| eo 
WW i 3 
INDO-—— a? Qp ! 
16! ite Phi gi 
4 4 
= PF | -$—-0 OUT C 
N +12 
3 ‘ 3 
INCe 
a Qc } 
m™ (OPT Ss 
i Je Tow FH 8 
4 4 
a — — \ 
| F f° OUTB 
INBo La Qg ! 
na jc iy 
ie +] 
: Tow 1) &3 
a — — ‘ 
"TEs ?—-0 OUTA 
N 1 2 
: : 
INAC 
20% Kon | 
\ Gt 
3 Tow 1) 83 
4 
FAULT 0-9 —@ wie 
Vi GROUND 
PINS 6-11,1925 | 
Ie 
‘ ‘ 
= 


FIGURE 5. CA3272 AND CA3272A FUNCTIONAL BLOCK 


Each of the outputs are independently protected with over- 
current limiting and over-temperature shutdown with thermal 
hysteresis. If an output is shorted, the remaining outputs 
function normally unless the temperature rise of the other 
Output devices can be made to exceed their shutdown tem- 
perature of +165°C (typical). When the junction temperature 
of a driver exceeds the +165°C thermal shutdown value, that 
output is turned off. When and output is shutdown, the 
resulting decrease in power dissipation allows the junction 
temperature to decrease. When the junction temperature 
decreases by approximately 15°C, the output is turned on. 
The output will continue to turn on and off for as long as the 
shorted condition exists or until shutdown by the input logic. 
The resulting frequency and duty cycle of the output current 
flow is determined by the ambient temperature, the thermal 
resistance of the package in the application, the total power 
dissipation in the package. Since each output is indepen- 
dently protected, the frequency and duty cycle of the current 
flow into multiple shorted outputs will not be related in time. 
Long lead lengths in the load circuit may lead to oscillatory 
behavior if more than two output loads are shorted. 


A diagnostic flag indicates when an output is shorted. This 
information can be used as input to a microprocessor or ded- 
icated logic circuit to provide a fast switch-off when a short 
occurs and also to determine by sequence action, which out- 
put is shorted. A fault condition in any output load will cause 
the FAULT output to switch to a logic “low”. Added detail of 
the fault logic is shown in Figure 6A. Since a fault condition 
will be indicated during switching, use of an appropriate size 
Capacitor to filter the FAULT output is recommended (see 
data sheet). This will prevent the FAULT output voltage from 
reaching a logic level “O” within the maximum switching time. 
The FAULT detection circuitry compares the state of the input 
and the state of the output. The output is considered to be in 
a high state if the voltage exceeds the typical FAULT thresh- 
old reference voltage, Vrpyp of 4V. If the output voltage is less 
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FIGURE 6A. FAULT DETECTOR SHOWN WITH THE CA3272 AND CA3272A 


OUTPUT STAGE 
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FIGURE 6B. CA3292A OUTPUT STAGE WITH 
CLAMP DIODE 


FIGURE 6. FAULT DETECTION FUNCTIONAL BLOCK DIAGRAM OF THE CA3272, CA3272A AND CA3292A 


11-174 


Application Note 9201 


than Vryp, the output is considered to be in a low state. For 
example, if the input is high and the output is less than Vryp, 
a normal “ON” condition exists and the FAULT output is high. 
If the input is high and the output is greater than Vryip, a 
shorted load condition is indicated and the FAULT output is 
low. When the input is low and the output is greater than 
VTHp, 4 normal “OFF” condition is indicated and the FAULT 
output is high. If the input is low and the output is less than 
VTHD an open load condition exists and the FAULT output is 
low. The FAULT output is disabled when the ENABLE input 
logic level is low. 


To detect an open load, each output has an internal low-level 
current sink which acts as a pull-down under open load fault 
conditions and is always active. The magnitude of this 
current plus any leakage associated with the output 
transistor will always be less than 100yA. (The data sheet 
specification for Icex includes this internal low-level sink 
current). The output load resistance must be chosen such 
that the voltage at the output will not be less than Vryp 
when the Icex sink current flows through it under worse 
case conditions with minimum supply voltage. For example, 
assume a 6.5V minimum driver output supply voltage, a 
maximum FAULT threshold reference voltage of Vryp = 5.5V 
and an output current sink of Icey = 100A. Calculate the 
maximum load resistance that will not result in a FAULT 
output low state when the output is OFF. 


Rioap(max) = [Vguppty (min) - VtHp (max)] / Icex (max) 
Rioap(max) = (6.5V -5.5V)/100HA = 10kQ 


Since the CA3272 and CA3272A do not have on-chip diodes 
to clamp voltage spikes which may be generated during 
inductive switching of the load circuit, external zener diodes 
(30V or less) should be connected between the output termi- 
nal and ground. Only those outputs used to switch inductive 
loads require this protection. Note that since the rate of 
change of output current is very high, even small values of 
inductance can generate voltage spikes of considerable 
amplitude on the output terminals which may require clamp- 
ing. External free-wheeling diodes returned to the supply 
voltage are generally not acceptable as inductive clamps if 
the supply voltage exceeds 30V during transients. 
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FIGURE 7. CA3282 BLOCK DIAGRAM FOR ONE OF EIGHT DRIVER STAGES 


CA3282 Octal Power BiMOS Driver with 
SPI Bus 


The CA3282 is a logic controlled Power Driver with a Serial 
Peripheral Interface (SPI). The chip is fabricated in a Power 
BiMOS process with high voltage and current drive capability. A 
functional block diagram is shown in Figure 5. There is an exten- 
sive amount of logic circuitry to provide individual diagnostic 
feedback; including which output may be shorted. Each of the 
open collector output drivers has individual protection for over- 
current and overvoltage; and, each output has separate output 
latch control. The current limiting of the CA3282 is set for a range 
of 1A to 2A (1A min.). In the normal ON state, each output driver 
is in a saturated low state. Comparators in the diagnostic circuit 
monitor the drain of the output drivers to determine if an out-of- 
saturation condition exists. If a comparator senses a voltage 
higher than the threshold trip level of 3V typical, the latch control 
Circuit is reset (unlatched) and the respective output driver is 
shutdown. The on-chip current limiting protection is independent 
of the diagnostic feedback loop. If an over-current condition 
exists, the condition may be sustained unless the diagnostic cir- 
cuit senses a fault condition. Open-load faults may be detected 
with a diagnostic check of the output in the off state. A 150uA 
typical internal current sink pull-down forces the output low when 
it would otherwise be high. 


Maximum current ratings allow all eight outputs to be turned 
on to a level of 0.5A. This is allowed because the CA3282 chip 
is packaged in 15 pin SIP power package with 3°C/W typical 
junction-to-case thermal resistance, allowing high dissipation 
capability in ambient temperatures up to 125°C. The CA3282 
output driver structure consists of a MOSFET with a zener 
diode feedback from the drain to gate, forming an overvoltage 
clamp structure for protection from voltage spikes generated 
when switching inductive loads. The pulse energy is shunted 
to ground through the MOSFET output driver. 


The CA3282 protection features support many application 
requirements. A typical application circuit is shown in Figure 
8. Where inductive loads are used, no external diode is 
needed to shunt the load coil turn-off pulse. However, it is 
important to adhere to the maximum peak current ratings for 
currents that can flow in the output devices. The output driv- 
ers are turned-on by an internal zener feedback for over- 
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FIGURE 9. EQUIVALENT FUNCTION BLOCK DIAGRAM OF THE HIP0080 AND HIP0081 
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voltage clamp protection of each output. The circuit of Figure 
8 illustrates an automotive application where a CDP68HC05 
microprocessor or equivalent controls the SPI bus and deter- 
mines what action if any will happen when a fault is detected. 
In this way the CA3282 is designed to support a variety of 
applications such as industrial controls. Due to the high cold 
starting current of lamp loads, it is not advisable to switch-on 
more than one lamp load at a time. Included in the many fea- 
tures of the CA3282 is a very low logic supply current to 
support the needs for low stand-by current drain. 


HIPO080 and HIP0081 Quad Power 
MOSFET Drivers with Serial Diagnostic 
Interface 


The HIPOO80 and HIPOO81 are low side power switches 
fabricated in a Power BiMOS process technology. They can 
typically sustain higher voltage and current capability than 
Power Bipolar ICs. Except for package and pinout 
differences, both circuits are functionally similar as shown in 
the functional block diagram of Figure 9. The HIPOO80 and 
HIPOO81 are designed to sustain 1A and 2A respectively of 
DC output current drive. The output drivers are voltage rated 
up to the clamp level set by drain-to-gate zener diodes and 
typically clamp at 80V for the HIPOO81 and 36V for the 
HIPOO80. A 15 pin SIP power package is used to achieve 
maximum capability for the HIPOO81 while the HIPOO80 is 
available in the 28 pin PLCC web lead frame package. 


The diagnostic monitoring and feedback process of the 
HIPOO80 and HIPOO81 is different from the CA3282. Each 
output device is independently toggled on or off through a 
driver interface circuit that is, in part, controlled by over- 
current and over-temperature diagnostic feedback. The 
conditions on each output device are monitored to sense 
over-current, over-temperature, open-load and output-ground 
shorting. Four separate bits for each of the four outputs are 
loaded into a 16 bit serial diagnostic register. The diagnostic 
information is accessed with a low on the chip select pin and 
the clock input. Both DATA IN and DATA OUT pins are 
available to allow cascade operation. The first bit in the data 
readout is a fault error flag which is high if any one of the 
following 16 bits indicate a fault condition. When chips are 
cascaded, the error flags are cascaded and a fault condition is 
immediately evident if there is a fault on any chip. Although, all 
bits must be read to determine where, if any, the fault 
condition exists. While the diagnostic interface for data 
gathering purposes is quite different than the CA3282, the 
drive control and diagnostic feedback is SPI Bus compatible. 


Another part of the diagnostic feedback circuits provides for 
digital delay filtering to prevent short transient over-current 
and output voltage readings from loading the diagnostic regis- 
ter with false data. Each output is sensed with a window 
comparator to determine whether the output is high, low or 
centered. A resistor divider consisting of two 10KQ resistors 
sets a reference voltage level for the window comparator. 
When a centered reading is detected with the driver output off, 
the centered reading is sensed as a no load condition on the out- 
put. If the window comparator senses a low reading when the 
driver output is off, the result is interpreted as a short to ground. 


The results are passed through a digital delay filter and are trans- 
mitted to the diagnostic shift register. The over-current sense 
level is read from a metal source-to-ground resistance in each 
Output by a comparator that senses the voltage as a current. 
When an over-current level is detected, the result is sent through 
a digital delay fitter to the diagnostic shift register and also tog- 
gles a latch circuit in the drive control which cuts-off drive to the 
Output stage. Where a shorted condition exists, the short must be 
removed and the input toggled off and on to reset normal opera- 
tion. If an over-temperature condition is sensed, the feedback 
resuk is fed directly back to the input control stage to gate-off 
drive to the output stage while also loading the diagnostic shift 
register. Normal chip operation may resume when the chip is suf- 
ficiently cooled. There is a typical 15°C hysteresis shift intended 
by design to provide a cooling cutoff period. 


Summary 


While this information on the protective structures of the Quad 
& Octal Power Drivers should be helpful, it must also be 
recognized that the design of the application circuit should be 
consistent with performance requirements. Generally, the data 
sheets define parameters in terms of each separate switch. 
Although the data sheets do not specify parallel switch ratings 
and limits, the switches may be used in parallel to increase 
Current drive capability. Also, there are a number of design 
considerations that will impact the continuing performance and 
reliability of the IC. The protective features of the Quad and 
Octal Drivers discussed here provide substantial system 
application protection by reducing the potential for catastrophic 
failure. To provide the user with a better in-sight into the device 
on-chip functions, the function block diagrams with their 
respective protection features have been included here. 
Additional detail can be found in the data sheet for each type. 
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HIGH FREQUENCY POWER CONVERTERS 
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Introduction 


Computers and telecom equipment are steadily becoming 
more complex, providing ever higher levels of performance. 
Simultaneously, the selling price for this equipment is being 
driven ever lower by market competition. Integral to all of this 
equipment is a power conversion system which converts the 
incoming unregulated power from the utility, or other source, 
to the multiple regulated voltages required by the equipment. 
In present designs the power subsystem constitutes a 
significant part of the equipment cost and volume. 


The development of a unique power converter(s) for each 
new system is a substantial cost item in the equipment 
development. Frequently the equipment will have a variety of 
configurations with differing power requirements. To save 
development cost only a single design is often used to cover 
a range of loads. The result is that many users have to pay 
for capability not needed in their particular configuration. 


One means to reduce power subsystem over capacity and 
cost is to use a distributed power system where the power 
processing functions are distributed within the system and 
more power processing capacity is added as required when 
more capability is installed. A typical distributed system will 
have a central power processor which converts the raw input 
power into a regulated DC bus. The central power processor 
is relatively simple but it does provide for line isolation and 
the safety requirements for the system. The central proces- 
sor may be modular to allow for power scaling as the loads 
change. Each board or group of boards within the equipment 
has a small power processor which converts the DC bus to 
the voltages required by that particular section of the equip- 
ment. In general these board level converters are quite 
simple and efficient. Frequently no DC isolation is required at 
the board level which further simplifies the converters. 


The use of multiple small power converters allows a custom 
system to be designed using high volume, low cost, standard- 
ized modules. In a complex system there can be substantial 
cost savings. 


Board space is always at a premium and the localized power 
converters take up space. In general height is severely 
constrained and the power converter has a low profile geome- 
try which tends to increase the board area required. In order 
to minimize the area required, the switching frequency (fs) of 
the converter is pushed as high as possible. The latest gener- 
ation of systems |] use converters with fs in the low MHz. 
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In addition to minimizing board area there are other require- 
ments placed on these converters. [2] The components must 
be small enough for automated insertion and be low cost. All 
of this has to be achieved without seriously reducing conver- 
sion efficiency. Poor efficiency would increase the size and 
cost of the input converter and create thermal problems 
within the unit. 


Overall these “simple” converters represent a significant 
design challenge. 


Converter Circuits For MHz Switching 


Many possible circuit topologies exist which could be used. 
They fall into three general categories: switchmode, 
resonant and quasi-resonant. At the power levels typical of 
board mounted converters (1 to 100W) single switch topolo- 
gies are usually preferred for their lower cost. Examples of 
typical single switch, PWM converters are shown in Figure 1. 
A comparison of the switch, diode and capacitor voltages for 
these circuits is given in Table 1. In general circuits with the 
switch referenced to the ground node are preferred to 
simplify the switch drive circuits. The boost, Cuk and SEPIC 
Circuits are non-isolated circuits with ground referenced 
switches. The flyback and forward converters provide 
isolation as well as multiple outputs with a single, ground 
referenced switch. The price paid for using an isolating 
transformer is higher cost and the increasing difficulty of 
designing a high performance transformer as the frequency 
is raised. The simpler non-isolated topologies are usually 
preferred in a distributed system unless there are compelling 
reasons to provide isolation. 


TABLE 1. COMPONENT VOLTAGE STRESS FOR VARIOUS 
TOPOLOGIES 


[encor | Vowar | Voowe | Voorna 
a A 
Fews | var | van 


NOTE: V, = Input Voltage, Vo = Output Voltage, D = Duty Cycle 
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The boost, Cuk and SEPIC circuits each have different 
characteristics. The boost has a non-pulsating input current 
and a pulsating output current. It can only make voltages 
higher than the input bus. The Cuk converter has non- 
pulsating input and output currents and it can generate 
voltages either greater or less than the input voltage. The 
non-isolated Cuk converter inverts the sign of the input 
voltage. For the normal case of a positive DC bus, the Cuk 
converter will only produce negative voltages. The SEPIC 
converter is non-inverting and can generate voltages either 
above or below the input. The input current is non-pulsating 
but the output current is pulsating. Non-pulsating input and 
Output currents are desirable to minimize EMI and reduce 
the need for additional filter elements. 


The circuits in Figure 1 are considered “conventional” in that 
they have been widely used for many years. These 
topologies have first order input to output voltage transfer 
functions M = V/V, such as D, 1/(1-D) or D/(1-D). Recent 
work by Maksimovic [° 4 5] has shown that single switch 
quadratic and even higher order topologies exist. Three 
circuit examples are given in Figure 2. Quadratic circuits are 
particularly useful when large input to output voltage ratios 
are needed or a large variation in input voltage is present. 


When implemented with discrete components the high 
frequency performance of switchmode circuits is limited by 
the parasitic inductance and capacitance normally present. 
This is due to the very fast voltage and current transitions 
required for efficient power conversion. One way to get 


BUCK, M=D 


aE TL 


CUK, M = -D/(1-D) 


TiCre 


FORWARD, M = nD 


BUCK-BOOST, M = -D/(1-D) 


BOOST, M = 1/(1-D) 
+ aa + 

H5 i 

SEPIC, M = DV(1-D) 

In 
* rs * 
tad 


FLYBACK, M = nD/(1 - D) 


FIGURE 1. CONVERTER CIRCUITS, M = VO/V, 


oI 


M = VoV; 
M = D7/(1 - D)? 


fa tt 


M = -D7/(1 - D) 


o] 


M = 1/1 - D)? 


FIGURE 2. QUADRATIC CONVERTERS 
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around these problems is to modify the circuit such that it 
exploits the parasitic elements as part of normal operation. A 
boost version of a zero voltage switching quasi-resonant 
converter (ZVS-QRC) is shown in Figure 3. This is a typical 
example of this class of circuit. Many others exist [& 7: & 91 
and most switchmode topologies can be implemented as 
ZVS-QRC. This circuit operates quasi-resonant; i.e. during a 
portion of the switching cycle the waveforms are sinusoidal 
like a resonant converter and during other portions of the 
switching cycle the waveforms are essentially straight line 
segments like a non-resonant switchmode converter. 


+ + 


o] 


FIGURE 3. ZVS-QRC BOOST CONVERTER 


The primary advantage of this topology is that the switch 
turns on and off while the voltage across the switch is zero. 
This translates to essentially zero switching loss and very 
low stress during switching transitions. The inherent junction 
capacitance of the switch is utilized as an active component 
as well as the series package inductance. This enables the 
switch to operate efficiently at very high frequencies 
(10MHz+). A price has to be paid for this performance. The 
converter can only be controlled by varying frequencies (fs). 
This is a relatively simple control scheme to implement but 
sometimes leads to EMI problems, particularly if the range of 
variation of fs is large. If fixed frequency operation is desired 
another switch must be added to the circuit. An additional 
disadvantage is that the switch voltage will be much higher 
than the input or output voltages. Peak switch voltages of 3 
to 5 times the input voltage are typical. There are also 
restrictions on the acceptable load ranges and the switching 
frequency range can be large under some conditions. 


Some improvement in performance can be obtained bY 
operating the converter in a ZVS-multiresonant mode [1% 111, 
Two examples are given in Figure 4. In this topology both the 
switch and the diode operate with low switching stress. This 
Circuit does however, still have many of the disadvantages of 
the ZVS-QRC. 


o] 


ZVS-MRC BOOST 


o] 


CLASS E 


FIGURE 4. MULTFRESONANT CONVERTERS 


Because of their disadvantages this family of converters is 
not usually employed until the operating frequency is so high 
that more conventional approaches cannot be used. 


Many resonant converters can also be used for very high fs 
but in general they require more than a single switch and are 
not normally advantageous for low power levels (<100W). 


Using Switchmode Circuits at MHz Frequencies 


One of the primary motivations for developing resonant and 
quasi-resonant topologies has been to overcome the 
problems associated with switchmode converters when they 
are operated with high fs. While these approaches have 
been helpful, in general some price must be paid. This often 
takes the form of higher conduction losses, higher voltage 
stress, more numerous and larger components, loss of PWM 
control and limited load and input voltage ranges. 


If the problems associated with high frequency operation can 
be overcome then switchmode circuits are advantageous. 
The limitations of switchmode converters for MHz operation 
stem primary from the difficulty of switching rapidly enough 
and the effect of parasitic components on the circuit 
behavior. An example of the parasitics present in a typical 
power stage is shown in Figure 5. 


FIGURE 5. TYPICAL PARASITIC COMPONENTS 


MOSFETs are inherently fast switching devices. If the input 
Capacitance can be charged quickly enough they are 
capable of sub-nanosecond switching. However, in discrete 
or even hybrid circuits, the parasitic inductance in the gate 
and source connections limits the charge rate, increasing the 
switching transition time. The parasitic inductance and 
Capacitance associated with the drain circuit causes voltage 
and current ringing which can over stress the switch and 
associated components, increase the switching loss and 
create VHF radiated and conducted EMI. 


For power levels typically used in distributed power systems, 
a power IC manufactured with the Harris PASIC !'2] (Power 
Applications Specific Integrated Circuit) process is an excel- 
lent way to minimize the parasitic elements that limit circuit 
performance and increase the level of integration. Other 
advantages of the PASIC technology is that the IC design 
can provide on-chip temperature monitoring and high speed, 
on-chip, current sensing. Moreover, on chip gate drivers help 
reduce and confine gate drive current and parasitic 
Capacitance associated with external power transistors. 
Because the switch and its drive circuitry can be integrated 
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onto a very small area, nanosecond switching times are 
readily achieved. For volume production the IC has the 
advantage of much smaller size and lower cost than discrete 
equivalents. 


Some external power components will still be needed, but 
they can be arranged to minimize parasitics. In the SEPIC 
converter shown in Figure 5, C, would be a chip ceramic 
capacitor and D, would be a surface mounted Schottky 
diode. Both of these components would be placed 
immediately adjacent to the IC. Efficient and economical 
1MHz designs using this concept are presently in volume 
production. 


It is possible to have floating or “high side” switches in the 
PASIC process for use with the buck topology shown in 
Figure 1. However, by using the SEPIC topology, the power 
DMOS transistor source may be returned to ground. This 
results in much simplified and efficient gate driving circuits. 
Moreover, a shorted or open power transistor is not 
detrimental to the load in the SEPIC topology. Because of 
the load coupling capacitor and the switch being returned to 
ground in the SEPIC topology, a shorted or open power 
transistor will not place the full high voltage input voltage on 
the load as in the buck topology. Besides the SEPIC topol- 
ogy, there is a host of topologies that may be implemented 
with a grounded source device, among them is the boost, 
forward, flyback, Cuk, and quadratic topologies. 


The SEPIC Converter 


The boost, Cuk, flyback and forward converters are well 
known to power supply designers and information on their 
design is widely available [15 14 8" 15]. The SEPIC topology 
has however, not been widely used. The following informa- 
tion is provided to familiarize designers with this circuit and 
its characteristics. 


The name SEPIC is an acronym for Single-Ended Primary 
Inductance Converter. The circuit was first developed at 
AT&T Bell laboratories !"6l in the mid 1970s. The intent of the 
developers was to create a new topology with properties not 
available in contemporary topologies. Of particular interest is 
the ability to buck or boost the input voltage without inverting 


voltage polarity. 


A typical SEPIC circuit is shown in Figure 6A. This circuit 
has three dynamic energy storage elements, L;, Lz and C. 
The behavior of any switchmode circuit is strongly depen- 
dent on the continuity of the currents in the inductors and the 
voltages on the capacitors. A number of different operating 
modes are possible depending whether the inductor currents 
and capacitor voltages are continuous or discontinuous. As 
shown in Table 2, there are six possible inductor current 
operating modes. The -C entries are for conditions where 
one inductor current goes to zero before the other causing 
that inductor current to reverse direction. The inductor 
current is still continuous but the circuit behavior is different. 
The -D entries are for conditions where one inductor current 
goes negative and then a state exists where the two inductor 
currents are constant. The modes shown in Table 2 assume 
the voltage on C, is constant (small ripple). An additional set 
of modes is possible if the voltage on C, is discontinuous. 


While all modes are possible, the usual operating mode is to 
have the voltage on C, continuous and either both L, and L, 
in continuous conduction or both L,; and L, in discontinuous 
conduction. These two modes will be the only ones for which 
the circuit behavior will be derived in this applications note 
and will be referred to as the CCM and DCM modes, respec- 
tively. There is a brief discussion of four other modes which 
may be encountered. 


Ly 


es Cy D, 
i Cy 
== , 7. : 
—> 

B Va I hf | uc Ri | Vo 
Ly 


iF 7 
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FIGURE 6. SEPIC CONVERTER 


Table 2. SEPIC Operating Modes (C, and C, have small ripple) 
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[Te tetef<efelfole 


CCM Circuit Operation 


For this analysis it is assumed that both C, and Cy are 
sufficiently large that the voltage ripple across them is small. 
By tracing the DC path from V, through C,, L,;, Lz and back 
to V, we see that Vc, = V;. By inspection it can be seen that 
Vc2 = Vo. 


When §, is on, D, is off and when §S, is off, D, is on. This 
means there are two circuit states during each switching 
cycle. The two states are shown in Figures 6B and 6C. 


When §, is closed, L, is directly across V, and |, is increas- 
ing. Energy is being stored in L,;. C, is connected across L, 
and Ip is increasing. The energy in C, is being transferred to 
Lo. Io is being maintained by Co. 


When S, is opened, the energy in L, is discharged into C, 
and Co. The energy in Ly is discharged into C2. For CCM 
operation some energy remains in L, and Ly (I, and Ip # 0). 
At the end of the switching sequence S, is again closed and 
the cycle repeated. 


To make the following discussion easier to follow, the details 
of the circuit analysis have been omitted. The equation 
derivations can be found in the appendix. 


The ratio of the output voltage to the input voltage and the 
duty cycle are defined as: 


Mz Yo Equation 1 
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ton Equation 2 
Os —— 
r 
Where toy is the on time of S; and T = 1/fs, the switching 


period. 


D as a function of M is: 
M 


ars | Equation 3 


And M as a function of D is: 


Equation 4 


A graph of Equation 4 is given in Figure 7 with comparisons 
to the buck, boost, Cuk and buck-boost converters. The 
large signal input-to-output voltage ratio for the SEPIC is 
identical to the Cuk and buck boost circuits except that there 
is no polarity inversion. Vo may be either less than or greater 
than V, depending on D. 


TABLE 3. SEPIC CCM VOLTAGES AND CURRENTS 


Vo, M21 and Vo/M = V;, MS 1 
oe 
ae 


Expressions for the voltages and currents in other circuit 
elements as a function of M, Vo and Io are given in Table 3. 
Note that the expressions for the peak value for V_, and Vi 2 
depend on whether M > 1 or M < 1. The expressions in Table 
3 assume that L, and L, are large with only small current 
ripple. For the case where the inductors are operating close 
the CCM-DCM boundary, the current waveforms will be 
triangular rather than rectangular and the RMS values will be 
approximately 15% higher. 


The boundary between CCM and DCM modes will depend 
on several variables. For a given load resistance (R, =Vo/lo), 
fs and M, the values for the critical inductances of L, and L, 
are: 


Equation 5 


1 
L = | ——————__ |[R 
"7 Pureere é 


1 e : 
Lig, SE | ees quation 6 
2C Paces L 


If the inductor values are higher than critical, then the 
converter will operate in CCM. If the values for the inductors 
are less than critical then the converter will operate in DCM. 


The ratio of Ly¢ to Ly¢ Is: 


a 
20 _ M Equation 7 


Lic 


A very important point here is that the currents in L; and Ly 
go to zero simultaneously only if Lo/L; = M! If Vo is held 
constant and V; is varied then the CCM-DCM transition will 
occur at some other point and will involve an intermediate 
mode. 


In distributed power systems V, is the DC bus and is 
normally relatively well regulated so the M varies only over a 
small range. In that type of an application, a smooth 
transition from both inductors in CCM to both in DCM will be 
possible. If Lp/L,; does not equal M then the circuit behavior 
will be quite different. 


100 


10 
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FIGURE7. VOLTAGE TRANSFER AS FUNCTION OF DUTY CY- 
CLE FOR VARIOUS TOPOLOGIES 
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If Ip reaches zero before |,, D, will still be conducting 
because of the current in L,;. This means there will be a 
voltage across Ly which reverses I>. This leads to two 
additional operating modes. Current waveforms for the case 
where 1,(T) > -lo(T) are shown in Figure 8. This mode 
corresponds to the C, -C state in Table 2. Figure 9 shows the 
waveforms for the case where I, = -l> at t < T. In this mode, 
when |, =-l5, D, drops out of conduction and a new operat- 
ing state is introduced as shown. During this state (t, to T) 
the inductor currents are constant (ideally) because the 
voltage across C, cancels the input voltage. The conduction 
mode shown in Figure 8 is a continuous conduction mode 
but different from the continuous conduction mode where the 
current is unidirectional in both inductors. In the mode shown 
in Figure 9 the inductor currents are continuous but because 
of the period of time where di/dt = 0 (tp to T) the circuit will 
operate in a discontinuous mode. This mode corresponds to 
the C, -D mode in Table 2. 


Both of these modes, C, -C and C, -D, have different 
characteristics from those mentioned in the previous 
discussion of continuous mode operation. The conditions 
where the current in L,; reaches zero before the current in Lo 
will be similar. 


 Mcteetecicteetetnetnn! decteatnntiententtetbetietientznta leatvetentbetnetnedtnetnetnetnettetnetaetiettentantentea 


CCM Circuit Example 


The following numerical example is provided to give a feeling 
for the component sizes and stresses in a typical application 
for the SEPIC converter. 


Let: 

V, = 35V 

Vo = 12V 

Po = 50W 

fs = 1MHz 

From this it can be seen that: 

lo = 4.2A 

R, = 2.880 

M = 0.34 

From Equations 5 and 6: 

Lic = 3.2uH 

Loc = 1.1pH 

To operate well within CCM and minimize the RMS currents 
let: 

L, SS 5yH 

L, = 1.7pH 

These inductors could be a single layer, wound on small 
powdered iron or NiZn ferrite cores. From the equations in 
Table 3: 

Vs; = 47V 

(Is;)Rms = 2.8A RMS 

A MOSFET with BVpss = 60V would be appropriate for S,. 
Vo1= 47V 

(Ipyave = 4.2A 

A 60V Schottky diode could be used for D;. 

Vo; = 35V 

(lo1)RMs = 2.4A RMS 

For C, a 50V, 0.47 to 1p:F, multilayer, ceramic chip capacitor 
would be appropriate. 

Voce = 12V 

(lco)pms = 2.4A RMS 

For C, a 25V, 1F, ceramic chip capacitor would be appropriate. 
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FIGURE 9. INDUCTOR CURRENTS AT I, = 1, FORt<T 
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DCM Circuit Operation 


The following discussion assumes that L,/L; = M and that 
both inductors go into discontinuous conduction simulta- 
neously. 


Operation in the DCM mode adds an additional circuit state 
as shown in Figure 10. At t = 0, the point at which S, is 
turned on, |, and lp = 0. The current in both inductors will rise 
until S, turns off (Figure 10A). At that point the energy in the 
inductors is discharged into the output (Figure 10B). When 
the inductor currents reach zero, D, stops conducting and 
the final state is assumed (Figure 10C). No current flows in 
the inductors because the voltage on C, cancels V). 


The expressions for D and M are: 


Mo 
D= {27 | | Equation 8 
LimM+1 
Where: tsL, 
TU = RL Equation 9 


Equation 8 is only valid for D < 1. This sets an upper limit on 
TU of: 
_M+1 


. Equation 10 
MAX 943 


(T,) 


Values of T, greater than this limit mean that the converter is 
operating in CCM for the particular value of M. 


Graphs of Equation 8 is given in Figures 11 and 12. These 
graphs illustrate the effect of varying load on the output 
voltage for M> 1 and M < 1. 


Ly ry, 7 
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Ly v; 
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FIGURE 10. SEPIC DCM CIRCUIT STATES L/L, = M 
Coupled Inductor Operation 


Referring to Figure 6, when S, is closed, the voltage across 
both L, and Ly» is equal to V;. From Figure 6B it can be seen 
that for the remainder of the switching cycle the voltage 
across L, and L, is equal to Vo. Because these two voltages 
are equal and in phase, L, and Lz may be integrated into a 
single magnetic structure with only one magnetic path, this is 


referred to as a coupled inductor. A coupled inductor version 
of the SEPIC topology !'4! is shown in Figure 13. This 
topology has several advantages. The leakage inductance of 
the coupled inductor can be arranged to effect zero current 
ripple on the input with finite value of L. Because the turns 
ratio between the windings is 1:1, there cannot be two 
different values for L; and Lo. This does not lead to multiple 
modes however. Because they are wound on a common 
core, both windings are either conducting or not depending 
on whether there is energy in the core or not. The circuit 
operates either CCM or DCM. 


DUTY CYCLE (D) 


FIGURE 11. SEPIC CONVERTER IN THE DCM MODE FOR A 
FAMILY OF LOAD PARAMETERS, T, WITH THE 
VOLTAGE TRANSFER RATIO, M < 1 
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FIGURE 12. SEPIC CONVERTER IN THE DCM MODE FORA 
FAMILY OF LOAD PARAMETERS, T, WITH THE 
VOLTAGE TRANSFER RATIO, M < 8 


FIGURE 13. COUPLED INDUCTOR SEPIC 
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Appendix 


SEPIC Equation Derivations for CCM and DCM 
Operation CCM Operation 


The following calculations are referenced to Figure 6. 
For C, and Cz large: Vc; = V; and Veo = Vo 

When §, is closed: V,, = Vi. =V; 

When S, is open: V1 = Viz =-Vo 


By conservation of flux in the inductors: 


Vi ton = Vo (T - ton) (A1) 
For D = tc,/T and M = VO/V, Equation A1 reduces to: 
M = D/(1 - D) (A2) 


Equation A2 can be inverted: 
D = M/(M + 1) (A3) 


Assuming that L; and Ly are sufficiently large that 
the current ripple is small and substituting A3 
lo = (ly + Ia) (1 - D) = (I, + Ip)(1(M + 1)) (A4) 


For Power In = Power Out: (A5) 
Vly = Volo, M = Vo/V; = Ilo 


Combining Equations A4 and AS: 
lo=lo (A6) 


S, Voltage and Current 


For S,; open: 
Vs1 = Voit Vo a V; + Vo (A7) 
Restating in terms of M and Vo: 
Vs; = (1+ 1/M)Vo (A8) 
For S, closed: 
a (AQ) 
(Igy) aug = (ly tHg) VD 


Which reduces to: 


(Igy) aug = lov (M+M*) 


D1 Voltage and Current 


(A10) 


By inspection: 
(Ipiave = lo 


When §, is closed: 
Voi = V; + Vo = (1 - 1/M)Vo 


(A11) 


(A12) 
Note the switch and diode have the same peak voltage. 

Inductor Currents 
(ly)aMs = 1) = MIo (A13) 


(lo)ams = lo (A14) 
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This assumes small current ripple. If smaller inductors are 
used such that the inductor currents are nearly triangular 
(near the DCM-CCM boundary) the RMS current values will 
be approximately 15% higher. 


Capacitor Currents 

(lo) aus = jrts —D)+1,? (A15) 
Which reduces to: (1¢4) nays = lowM (A16) 
(lca) ams = Ji2o + (1, +Iy—I9)° (A17) 
Which reduces to: (Iga) pare = Iv (A18) 


Values for the Critical inductances of L, and L, 


For a given current, the critical inductance is the value for the 
inductor that allows the current to just reach zero at the end 
of the switching cycle. This is a special case of CCM. 


L, Critical 


The input current will be triangular. |;p = peak value of the 
current: 


lip = 2lyava = 2Mlo (A19) 
1p =Vitow/L1 (A20) 
ton = DT (A21) 

(A22) 


fs = 1/T 


Combining Equations A19 - A22: 


Lic =[1/2fsM(M + 1)]R, (A23) 
A similar calculation for L, yields: 

Loc = R_(2fs(M + 1)) (A24) 
DCM Analysis 
For this analysis it will be assumed that: 
LaglLic=M (A25) 


This means |, and lz go to zero simultaneously. The circuit 
states shown in Figure 10 will be used for this analysis. 


t; = toy = On time of S, 


tp = the current fall time in the inductors 


From conservation of flux in L; and L,: 


Vit; = Vote (A26) 
From conservation of charge in C, (A27) 
lyavete = loavaty 
From conservation of power: (A28) 
Vilvave = Volo 
Derivation of Expressions for M and D 
lyp=Vity/L, (A29) 
_ ty +t, 
lava > lip] oF (A30) 
Combining Equation A27 through A30: 
(A31) 


= |[ Me 
dD= — a 
Re M+ 1 
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A SPICE-2 SUBCIRCUIT REPRESENTATION FOR POWER 
MOSFETs, USING EMPIRICAL METHODS 


Author: C. Frank Wheatley Jr., and Harold R. Ronan, Jr. 


Abstract 


An accurate power-MOSFET model is not widely available 
for CAD circuit simulation. This work provides a subcircuit 
model which is compatible with SPICE-2 software and 
MOSFET terminal measurements. SPICE-2 is the circuit 
simulation package of choice for this work because of its 
universal availability, despite its inherent limitations. These 
limitations are circumvented through circuit means. 


This effort models power-MOSFET terminal behavior consis- 
tent with SPICE-2 limitations; hence it will differ from the 
physical model as suggested by Wheatley, et al’, Ronan 
et al? and others. We feel we have advanced prior efforts? 
particularly in areas of third-quadrant operations, avalanche- 
mode simulation, switching waveforms and diode recovery 
waveforms. 


Discussion 


The subcircuit shown in Figure 1 is described in Table 1. All 
passive circuit elements are constants. The very-high-gain 
JFET is used to simulate the dual-slope drain voltage vs time 
switching curve common to the power MOSFET. '2 


Cy. 
m 


eas. 
Ss 
FIGURE 1. SPICE-2 SUBCIRCUIT FOR POWER MOSFET SIMU- 
LATION. 


Copyright © Harris Corporation 1994 


NOTE: If the JFET source voltage, E,, is very low relative to 
its Vpincy Voltage, the JFET is in a highly conductive state, 
tightly coupling Cz to the JFET drain. However, as the volt- 
age E, approaches Vpincy, the JFET operates in a con- 
stant-current mode, thereby permitting a much faster drain 
slew rate, which is determined primarily by C3. 


If E; exceeds Vpwop, errors will exist in the turn-on wave- 
forms. The Cy, discharge current-controlled current source 
remedies this situation in conjunction with the subcircuit con- 
taining D3. The Dz ideality factor was set at 0.03 to assure 
that E, minus Vpincy does not exceed several millivolts. 


The body diode cannot be properly modeled by the JFET 
gate-drain diode, hence Dgopy. Conditions of Table 1 assure 
that most third-quadrant current flow is via Dgopy. Avalanche 
breakdown is more accurately modeled by the clamp circuit 
containing D,. 


Table 1 in combination with Figures 2, 3, 4 and 5 provides 
the required empirical inputs. Table 2 lists the preferred algo- 
rithm for parameter extraction. 
TABLE 1. EMPIRICAL INPUTS 
Enhancement mode; W = L = 1pm; Kp (Figure 
2); Vto (Figure 2); C’s = 0; Ipgo = IE -12 
JFET Depletion mode; areas factor = 1; B = 100Kp 
(Figure 2); Vio = Vpincy (Figure 5); C’s = diode 
lifetime = Reepies = 0; diode ideality factor = 1.0, 
lpso = IE -20 
ls from Figure 4; Ideality Factor = 1.0; R from 
Figure 4 (must be very much greater than Rp); 
C (from Coss); lifetime = best fit to Tar 


D, lg = arbitrary; C = lifetime = 0; ideality factor = 
best low-current fit; R = best high-current fit 


ls = 1E -8; C = lifetime = R = 0; ideality factor = 
0.03 


Figure 2. 


MOSFET 


BODY DIODE 


Figure 3. 


Approximately (5L) In (4 L/d) nH; L and d are 
source wire inches. 


Vito of JFET. 

Avalanche voltage. 
From Figure 5. 
Maximum from Figure 5. 
Minimum from Figure 5. 
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THRESHOLD Ves (VOLTS) 


FIGURE 2. SQUARE ROOT OF DRAIN CURRENT vs GATE 


VOLTAGE DEFINES Vyuresnoip, Kp, AND Rs. 


RFP15N15 
Veg = 0 


scope, K? 
q 


= 60mV/DECADE 


LOG Ip (AMPERES) 


Vps (VOLTS) 


FIGURE 4. THIRD-QUADRANT OPERATION DEFINESI, ANDR 


OF DIODE Dgopy. 


TABLE 2. PREFERRED ALGORITHM FOR PARAMETER 
EXTRACTION 


. Determine Kp of lateral MOS 

. Determine Vy, of lateral MOS 

. Determine C, 

. Determine C, + C2 +C, 

. Determine Ros 

Assign B of JFET = 100 x Kp of lateral MOS 

. Use trial VPINCH 

Use Cz (Maximum), C3 (Minumum) are curve-fit C’s 
. Adjust Vpinop to fix gate voltage plateau 


OMWNOAOA WH = 


RFP15N15 


0 2 4 6 
lpg (AMPERES) 


FIGURE 3. DRAIN CURRENT vs DRAIN VOLTAGE WITH CON- 


STANT GATE VOLTAGE DEFINES “ON” RESIS- 
TANCE. 


RFP15N15 
Ronan ® 1002 
ig = 1mA 

TEST GARCUIT 
(SEE REF. 1) 


135 


SLOPE = Igi(Cy + 
Cz + C3) 


a 
So 
Vps (VOLTS) 


GATE PLATEAU VOLTAGE 
i? SLOPE ~ Ig/Co 
SLOPE ~ IghC, 
TRIAL Voinch 


TIME (ys) 
FIGURE 5. DRAIN AND GATE VOLTAGE vs TIME DETERMINE 
C,, C2, C3 AND Veincu- 


Results 


Figure 6 and Figure 7 compare measured static data to 
calculated transfer curves and output curves. Calculated 
Static-output curves are shown in Figure 8 and Figure 9 for 
third-quadrant range, including avalanche. 


Calculated switching data is compared to measured 
switching curves’ in Figure 10 and Figure 11. Calculated 
body-diode recovery curves are shown in Figure 12. 
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RFP1SN15 


Ips (AMPERES) 


FIGURE 6. DRAIN CURRENT vs GATE VOLTAGE (NOTE 
SQUARE ROOT SCALE) - MEASURED CURVE vs 


CALCULATED POINTS. 
Vps (VOLTS) 
af 0.8 0.6 0.4 0.2 0 


lpg (AMPERES) 


FIGURE 8. THIRD-QUADRANT DRAIN CURRENT vs DRAIN 
VOLTAGE WITH CONSTANT POSITIVE GATE 
VOLTAGE (CALCULATED). 


RFP15N15 


@ MEASURED 
ams CALCULATED 


Rorain = 102 fii 


Vsuppty = 37.5V, 75V, 112.5V, 150V 
TEST CKT. (SEE REF. 1) 


. 0 
60 80 100 


FIGURE 10. DRAIN AND GATE VOLTAGE vsTIME FOR CON- 
STANT GATE CIRCUIT - MEASURED CURVES vs 
CALCULATED POINTS. 


@ MEASURED 
man CALCULATED 


Ips (AMPERES) 


Vos (VOLTS) 


FIGURE 7. DRAIN CURRENT vs DRAIN VOLTAGE FOR CON- 
STANT VALUES OF GATE VOLTAGE - MEASURED 
CURVES vs CALCULATED POINTS. 


lpg (AMPERES) 


Vps (VOLTS) 


FIGURE 9. FIRST-QUADRANT DRAIN CURRENT vs DRAIN 
VOLTAGE, Veg = CONSTANT. NOTE AVALANCHE 
BREAKDOWN (CALCULATED). 


RFP15N15 
@ MEASURED 
=== CALCULATED 
102 


0 200 400 600 800 1000 
TIME (ns) 


FIGURE 11. DRAIN AND GATE VOLTAGE vs TIME FOR STAN- 


DARD SWITCHING CIRCUIT - MEASURED 


CURVES vs CALCULATED POINTS. 
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ip (AMPERES) 


TIME (ns) 


FIGURE 12. THIRD-QUADRANT DIODE-RECOVERY-TIM 
CURVE (CALCULATED). 


Conclusion 


An equivalent-circuit model for power-MOSFETs, that is suit- 
able for use with the SPICE CAD program, has been demon- 
strated. The model is compatible with all versions of SPICE 
presently available without modification to the program’s 


internal code. The model addresses static and dynamic 
behavior of first and third-quadrant operation, including ava- 
lanche breakdown, and is empirical in nature; all necessary 
input parameters may be inferred from data sheets or simple 
terminal measurements. 


Excellent agreement has been obtained between measured 
and simulated results. 
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HIP5060 FAMILY OF CURRENT MODE CONTROL ICs 
ENHANCE 1MHz REGULATOR PERFORMANCE 


Authors: Robert G. Hodgins and Hal Wittlinger 


Abstract 


The trend towards distributed power grows and so does the 
demand for compact, efficient, high frequency, low EMI power 
supplies"). This application note addresses this need by 
showing an example of how an 80W, 1MHz supply can be 
implemented with a single, current controlled PWM power IC 
that contains both a DMOS power transistor and a sophisti- 
cated control loop that protects both the IC and the load from 
a variety of load and fault conditions. SEPIC (Single-Ended 
Primary Inductance Converter) supply topology is shown. This 
topology has the advantage of AC coupling the load, with the 
accrued load protection not usually found in typical “buck” 
types of topologies. Techniques that are required to obtain 
high efficiency, high frequency power supplies are discussed. 
Methods of achieving low EMI at 1MHz are also addressed. 


Introduction 


Power control is expanding and moving with newer 
approaches that provide the designer with even more chal- 
lenges. Distributed power is becoming the answer for systems 
where local faults will not necessarily shut down an entire sys- 
tem. This application note describes a family of ICs for distrib- 


0. rn 
Vin = 36V 


uted power. They were jointly designed by IBM and Harris 
Semiconductor. IBM chose this advanced system approach 
for their new series of personal computers. This approach is in 
contrast to the common practice of using just one central 
power supply in these types of computers. Economies in 
terms of cooling requirements with the consequential elimina- 
tion of large cooling fans and associated noise provided 
added incentive’). Figure 1 shows the basic approach to a 
distributed power system, and Figure 2 shows a schematic 
diagram of the device in a 5.1V supply application. 


5V, +15V 


SUPPLIES 


CONTROL 
SYSTEM 


FIGURE 1. AN EXAMPLE OF A DISTRIBUTED POWER SYSTEM 


3uH 
Sooners 


0.88H 


Vppp —_ Vppp | 4 
0.1 uF a 
GATE 
DRIVERS 


FIGURE 2. SCHEMATIC DIAGRAM OF THE HIP5060 IN A 5.1V SUPPLY 
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HIP5060 
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AMPLIFIER 


MONITORING 


Vppp 


FLIP-FLOP ‘ 
FAST RESET 


R 


MULTIPLEXER 
VREF 


18KQ 
\/ 
98KQ 
4KQ 


CIRCUITS 
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FIGURE 3. FUNCTIONAL BLOCK DIAGRAM OF THE HIP5060, 1MHz CURRENT CONTROLLER REGULATOR IC 
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Input voltage comes from a 36V supply which can range from 
22V to 45V, ding upon line and load conditions. A 
SEPIC topology’ © 4) was chosen because it lends itself to the 
power DMOS transistor available in the PASIC process © & ). 
Moreover, this topology also affords excellent load protec- 
tion. Because of AC coupling to the load, a faulted IC will not 
place full input bus voltage on the load as in the case of most 
“buck” configurations. 


AC coupling suggests that this configuration is also suitable 
for stacking of power supplies, or providing a voltage at 
another level, such as a 7V supply added to or stacked on to 
a 5V supply to provide a 12V output. Lower power outputs 
may be obtained from the two inductors used in the SEPIC 
configuration. This is very convenient for generating negative 
bias supplies from the positive supply. Secondary outputs, 
however, cannot have feedback control for precise regula- 
tion. Making the second inductor a transformer allows sec- 
ondary unregulated output with a regulated supply, e.g. 
+12V at 250mA with a regulated +5.1V at 10A output. 


Basic Circuit Operation 


Figure 3 shows the functional block diagram of the IC, while 
Figure 4 shows a functional diagram of the major control 
loop. A 5.1V reference is provided to the non-inverting input 
of the transconductance error amplifier via a decoupling 
resistor that serves two purposes. First it allows the refer- 
ence input to be AC bypassed and secondly, it provides a 
means of introducing lower reference voltages such as 3.3V. 
A MOS-input voltage follower buffers the high output imped- 
ance of the 30mA/V transconductance error amplifier. The 
interface connection between the two stages is brought out 
for gain and frequency compensation of the regulator loop. 


Oe 
C 
S 


DIAGRAM DOES NOT SHOW: 
OVER-TEMPERATURE, OVER-VOLTAGE, 
UNDER-VOLTAGE, OVER-CURRENT AND 
UNDER-CURRENT CIRCUITRY 


The MOS-input voltage follower buffer provides a low imped- 
ance driver for the external current scaling resistor shown on 
the Basic Control Circuit diagram, Figure 4. Scaling factors 
within the current monitoring and control circuit are such that 
there are approximately 4.5A per mA of current through this 
resistor. This signal is the reference for the current sense 
amplifier located within the Current Monitoring Amplifier 
block on the diagram. This reference current level is com- 
pared with the current feedback from the DMOS transistor. 
The DMOS transistor is allowed to remain on until the peak 
Current reaches the level set by the reference current times 
the current gain. The “ON” time incrementally increases in 
response to demand for greater load current, then stabilizes 
at a value determined by input-to-output voltage ratio. To 
insure accurate sampling after the initial transients due to 
gate charge and discharge current, a blanking signal is pro- 
vided that allows only observation of the feedback current 
pulse. Internal circuitry limits the duty cycle to 50%. A fast 
reset input to the flip-flop allows 30ns current loop response 
time that permits rapid tracking of load variations to output 
current transients. 


Protection Circuitry 


Performance within the above referenced feedback loop closely 
follows the typical current controlled switching regulator. There 
are additional circuits within the IC that monitor the perfor- 
mance of the regulator and feedback loop that protect the IC 
and the load from unusual load and environmental conditions. 


Low Load or Under Current 


When the error voltage (VCMP) drops below the Low-Load 
comparator threshold voltage, indicating a load current con- 
dition below the minimum controllable level, switching stops. 


FLIP-FLOP 
Q DRIVERS 


FAST RESET 


CONTROL CURRENT 


MONITORING 


AMPLIFIER 


EXTERNAL CURRENT SCALING RESISTOR 
lpeak (DMOS DRAIN CURRENT) = 4500 x Iner(mA) 


FIGURE 4. BASIC CONTROL CIRCUIT 
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As the output voltage decays below the reference voltage, 
1MHz switching starts again. The resulting burst mode main- 
tains the required regulator voltage under very light load 
conditions. 


Short Circuit Current, Over-Voltage and 
Over-Temperature 


Just as important to satisfactory performance is operation at 
the other extreme condition - high current. As the output volt- 
age of the error amplifier approaches full scale, implying 
excessive output current, another threshold detector, labeled 
Short Circuit on the diagram is activated. While its output is 
high, an external capacitor connected to the SHRT terminal 
is charged. When this capacitor voltage exceeds 6V, the fault 
latch is set and the regulator is shut down. Thus the choice 
of capacitor value sets the limit on the tolerable over-current 
duration. 


Output over-voltage protection is provided by a circuit that 
monitors the feedback error voltage to the error amplifier. This 
is a most important aspect of this regulator in terms of protect- 
ing logic circuits from dangerous over-voltage. Output from 
the Over-Voltage comparator will also trigger the fault latch. 


Also coupled to this fault latch is an over-temperature moni- 
toring circuit that triggers the latch when chip temperature 
rises above a nominal +120°C. 


The input supply bus must be lowered below 15V to reset the 
fault latch. The status of the fault latch is signaled by the open 
NMOS drain, FLTN terminal. In addition, FLTN is low when the 
input bus is too low. The FLTN may be wire OR’d to other sup- 
plies in systems employing supervisory functions. 


input Voltage Protection 


A V+ Monitor circuit controls the input level that initiates the 
start-up sequence and also the shutdown operation. A rising 
nominal supply voltage of 25V is needed to initiate the sup- 
ply start-up sequence and a falling voltage of approximately 
15V will cause shutdown. 


Soft Start Circuit 


During start-up, a current of 0.71A is available to an external 
timing capacitor via the SFST terminal. The rising soft start 
voltage is applied to a third input of the error amplifier to by- 
pass the internal 5.1V reference. This slowly rising reference 
prevents excessive start-up currents and component stresses. 


Power Supply OK 


To provide external system monitors and controllers with an 
indication of the condition of the supply, an output is avail- 
able via an open collector NPN transistor. This circuit pro- 
vides a logic signal indicating a valid supply after a time 
equal to twice the soft start time. 


Power Supply Enable 


External on-off control of the power supply is provided by the 
Power Supply Enable comparator through the PSEN termi- 
nal. This TTL compatible input is returned to 5.1V through an 
internal 20KQ pull-up resistor. Returning this terminal low or 
to ground will disable the regulator and the clock output. 


Clock Control 


An internal 1MHz clock is provided on the chip. External 
clocks may be used to synchronize other switching supplies 
to the same operating frequency. When the SLCT terminal 
remains open, an internal 18KQ resistor returns this input to 
ground. Under this condition, the clock is available on the 
CKIO terminal. Returning this input to a logical “1” will then 
disable the internal clock and allow the introduction of an 
external clock into the CKIO terminal. 


Performance 


Figure 5 shows an oscilloscope photograph of power DMOS 
drain voltage in a 5.1V supply with a 5A load with a 37V 
input supply bus. NOTE: the rise and fall times of less than 
4ns. A complete cycle is shown in Figure 6. 


FIGURE 5. DMOS TRANSISTOR DRAIN VOLTAGE DURING 
CONDUCTION. 


0 VOLTS 


FIGURE 6. DMOS DRAIN VOLTAGE FOR COMPLETE CYCLE. 


HIP5062 and HIP5063 Complement the Product Line 


Two other ICs are available that complement the product 
line. Table 1 gives a summary of all three devices currently 
available. The dual HIP5062 is intended for use in applica- 
tions such as dual 5V and 12V power supply. Figure 7 shows 
a block diagram of this device. It should be noted that the 
clock signal is configured to alternately drive each output 


11-194 


Application Note 9212 
TABLE 1. HIP5060, HIP5062, AND HIP5063 CAPSULE COMPARISON 
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stage to minimize large asymmetrical transient currents. 
From the 12V output, a low current, -12V output may be 
derived as shown in Figure 8. 


The HIP5063, shown in block diagram of Figure 9, is the most 
flexible of these devices. It is intended to be used in conjunc- 
tion with either of the other two devices as an added power 
MOSFET with thermal monitoring and the basic current con- 
trol circuitry. Its application can range from power supply func- 
tions to power amplifiers for both audio and servo amplifier. 
An external op amp is used to provide the error amplifier func- 
tion. This allows the designer to optimize the control loop for 
transient response in these varied applications. 


Successful 1MHz Operation and EMI 


Aside from an on-chip, high-speed, high-power DMOS tran- 
sistor, external circuit techniques play the most important 
role in the realization of excellent performance at higher fre- 
quencies. Parasitic inductance must be minimized. This is 
achieved at the chip level with 8 drain leads. Inductance at 
this point can lead to extremely large transient voltages at 
the MOS drain and reduction in supply efficiency. A second- 
ary benefit to parallel contacts is the reduced resistive 
losses. Voltage drops in the source terminal degenerate the 


7 v 


FIGURE 8. SCHEMATIC DIAGRAM OF THE HIP5062 IN A TRIPLE OUTPUT POWER SUPPLY 


4H 


0.1 
pF 


vv L 


performance in several ways. To minimize some of these 
effects, 8 source leads are provided, again reducing lead 
inductance and resistance. Resistance and inductance in 
this lead would allow large voltages to be developed from the 
MOS source to ground. This can result in an effective loss of 
gate drive signal which appears as a loss of transconduc- 
tance and an increase of rps (on). Voltage drop across the 
device is also increased with resulting reduction in efficiency. 


Another consideration is bypassing. High peak gate currents 
exist around the output stage and the gate driver. On this chip 
additional terminals are brought out to permit bypassing of the 
positive supply voltage of the gate driver stage, returning the 
current directly back to the DMOS source terminal. Internally, 
the gate drive stage is returned to the DMOS source. 


Surface mount capacitors are used to minimize lead induc- 
tance. Four 0.22uF capacitors are used in the drain connec- 
tion to reduce series inductance. All components including 
the inductors are surface mounted. These techniques that 
are so essential to excellent high frequency performance 
also help to minimize both radiated and conducted noise. 
Short leads and low profile due to surface mounting and a 
large ground plane all contribute to efficiency and minimal 
interference. 
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IREF 


EXTERNAL CURRENT SCALING RESISTOR 
lpcax(DMOS DRAIN CURRENT) = 4500 x Incr (mA) 


FIGURE 9. FUNCTIONAL BLOCK DIAGRAM OF THE HIP5063 


Conclusions 


A family of new 1MHz, current controlled switching regula- 
tors has been described that have many features that make 
these devices especially attractive to distributed power 
systems for both large main frame systems and the ever 
expanding consumer and industrial markets. 
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HIGH CURRENT OFF LINE POWER SUPPLY 


Author: Don LaFontaine 


Introduction 


Design Engineers are constantly pushed to reduce the 
space and cost of the power supply in their systems. For 
supplies between 2W and 6W that can operate over the 
world wide range of input voltage and frequency the options 
were flyback switching power supply or a high voltage linear 
regulator. The typical transformer supply requires AC 
voltage sensing and active tap switching, which is not 
common practice. 


The flyback switching power supply is the most efficient, but 
is costly, complex and requires special EMI filters for sup- 
pression. The high voltage linear regulator is simple in 
design, cheap, but not practical at this power level. The 
transformer supply offers isolation and better efficiency but is 
limited to a small range of input voltage and frequency, is 
bulky, costly, and can be acoustically noisy. 


An alternative solution is to configure the HV-2405E as a 
control chip to drive a MOSFET. This solution is not as effi- 
cient as the switching or transformer supplies and does not 
provide isolation, but is a low cost, compact (no transformer) 
2W to 6W power supply accepting the world wide range of 
input voltage and frequency. 


Features 

¢ Low Cost Direct AC to DC Conversion 
Operates from 30VAC to 280VAC Line 50Hz/60Hz 
Output Current from OmA to 250mA 


Output Short Circuit Protection 


Adjustable DC Output Voltage 5VDC to 24VDCt 
tOutput Voltages up to 35V Possible 


Applications 


¢ Fan Power Supply 
¢ Subfractional Horsepower Motor Drives 


¢ Power Supply for Simple Industria/Commercial/Consumer 
Equipment Controls 


Overview 


When configured as a control chip for a power MOSFET, 
the HV-2405E provides AC to DC conversion over the 
world wide range of input voltage and frequency. The circuit 
shown below delivers an output voltage of 5 volts DC to 24 
volts DC with output current from OmA to 250mA. The out- 
put voltage can be extended to 35V for input voltages of 
120Vpms and output currents up to 150mA (see section 
titled “Output Voltage >24V”). 


The intent of this application note is to offer a cost effective 
solution at the expense of efficiency. The Harris IRF830 
MOSFET was selected because of its relative low cost, low 
Ron and current handling capabilities. Improvements to the 
circuit performance illustrated in this application note can 
be made by selecting a larger MOSFET (i.e. Harris 
IRF840). 


This circuit provides protection for the MOSFET by monitor- 
ing both its voltage and current with a resistor network. This 
network disables the HV-2405E, through its inhibit pin, when 
a predetermined voltage or current is exceeded. 


HIGH CURRENT APPLICATION CIRCUIT 


The optimum values of the resistors in the protection circuit 
(R2, R3, R4) are dependent upon the input voltage and out- 
put current. Thirteen circuit solutions are presented along 


CAUTION: This product does not provide isolation from AC line. 


Copyright © Harris Corporation 1992 
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COMPONENT LIST 
{DETERMINED BY APPLICATION 
t 


t 
10KQ, 1/4W 


+0.022uF, 50V 
+100yF, 50V 
DB1M Bridge 
1KQ, 1/2W +2A, 250VAC Fuse 


510KQ, 1/4W 
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FIGURE 2. HV-2405E SCHEMATIC 
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with the MOSFET Power Dissipation and Circuit Efficiency; 5 
for the World Wide Supply (V IN = 30Vams to 280Vams: Table 
2), 5 for the 120Vams Supply (Vin = 30V ams to 120Vaus; 
Table 3) and 3 for the 35 Volt output Supply (Viy = 30V_ams to 
120Vaus, Table4). 


Circuit Description of the High Current 
Circuit 


Figure 1 shows the schematic of the High Current Circuit. To 
understand the circuits operation first look at the operation of 
the HV-2405E as a control chip. The basic operation of the 
HV-2405E can be broken down into two functional sections 
(see Figure 2): (1) Switching Pre-Regulator and (2) Linear 
Voltage Regulator. 


The Pre-Regulator takes energy from an incoming AC line to 
bias-up the Linear Voltage Regulator. The Linear Voltage 
Regulator performs two functions. The first is to supply a 
reference voltage at pin 5 that is temperature independent 
and the second is to supply an output voltage on pin 6 that is 
adjustable from 5 volts to 24 volts. To obtain higher output 
voltages see section titled “Output Voltages >24 volts”. The 
output voltage is adjusted from 5V to 24V by placing a Zener 
diode (Z1) between pin 5 and the output capacitor (C2). The 
5V reference is generated by the band-gap circuitry ensuring 
that pin 5 will sink 1mA through 5kQ of resistance (RB10 + 
RB11). 


The Linear Voltage Regulator provides gate drive to an 
external power MOSFET (Q1) that charge pumps the output 
capacitor. Gate drive to Q1 occurs when current flows into 
pin 8 and out of pin 6. The switching Pre-Regulator turns off 
when current is pulled out of pin 4 (anode gate of SA2). 
When SA2 turns ON, SA1 turns OFF and the gate drive to 
Q1 stops until the next half cycle on AC high. The gate to 
source Zener diode (Z2) ensures that the maximum Vgg is 
not exceeded. 


SA1 is turned OFF when either of the following two condi- 
tions exist: 


(1) Under Normal Operation. Feedback from the linear 
voltage regulator results in current flowing out of SA2’s 
anode gate and through the zener diode stack (ZA1, 
DA3, DA4, DAS) when the output capacitor reaches full 
charge. 


(2) Under Fault Conditions (i.e. Q2 gated on because 
power dissipation limit exceeded). Current flows out of 
SA2’s anode gate and through the 2N2222 (NOTE; Pin 4 
is higher than pin 5 or pin 6). 


Output voltage regulation is achieved when the output volt- 
age at pin 5 exceeds the reference voltage. This causes 
more current to flow through NB6, which in turn decreases 
the drive to the output darling pair (NB7, NB8), causing an 
increase in the already increasing voltage on pin 2, resulting 
in turning ON SA2 and turning OFF SA1. 


In this application the HV-2505E only has to supply gate 
drive to the power MOSFET. This enables the value of the 
input series resistor R1 to be 1kQ 


Typical waveforms of the MOSFET are illustrated in Figures 
3 and 4 with output currents of 50mA and 250mA respec- 
tively. From these waveforms it can be seen that the circuit 
supplies large current spikes (8A to 11.5A) to the output 
capacitor for a short period of time (120ps-300ps). The cur- 
rent spikes are supplied to the output capacitor while the 
input voltage is only a little larger than the desired output 
voltage. This technique makes the efficiency higher than for 
an equivalent linear regulator. 


ti = HV-2405E TURNS ON | t2 
t2 = HV-2405ETURNS OFF 


FIGURE 3. TYPICAL WAVEFORMS OF THE MOSFET 
(lour = SOMA) 


t1 = HV-2405E TURNS ON 
t2 = HV-2405ETURNS OFF 


FIGURE 4. TYPICAL WAVEFORMS OF THE MOSFET 
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MOSFET/IGBT Protection Circuit 


The circuitry shown in Figure 5 protects the MOSFET during 
fault conditions by limiting its maximum power dissipation. 
Under normal operating conditions the protection circuit is 
off. Three 1/4 watt resistors (R2, R3, R4), a diode (D2), and 
a transistor (Q1) form the protection circuit. Resistors R2 and 
R3 monitor the drain to source voltage and resistor R4 the 
drain current. When a predetermined voltage/current combi- 
nation is exceeded the MOSFET is turned off via the HV- 
2405E’s inhibit pin. 


FIGURE 5. 
Determining R2, R3 and R4 


Optimization of the resistor values for minimizing Q1 power 
during fault conditions is dependent upon the input voltage 
and output current. Table 1 (A, B) gives the peak drain cur- 
rent (Ip) and the peak drain to source voltage (Vps) for the 
Harris IRF830 in this application for 240Vpys and 120Vays. 
respectively during normal operating conditions. 


TABLE 1A. WORLD WIDE SUPPLY (Vy = 30Vpys to 280Vays) 


The resistance values of R2, R3 and R4 for the circuit solu- 
tions presented in this application note were determined 
from the Vps and Ip values in Table 1. A maximum peak 
power load line for the MOSFET is determined by doubling 
both the Ip peak and Vps values and setting the voltage 
drop across R3 (EQ 1) and the Voltage drop across R4 
(EQ 2) equal to 1Vge. One Be across R3 or Ré4 limits the 
MOSFET’s power by turning on the 2N2222. A graphical 
representation of this load line is presented in Figure 6. 


The protection circuit will remain off for any combination of 
Vps and Ip below the load line, including the maximum 
power dissipation from which the line was derived. 


-_F3_ (EQ1) 
we = Ra +Ra | \*¥DS (max)? 
Vbe = (2) - (R4)- (Ip) (EQ2) 


FIGURE 6. 


Example: 
Assume: lout = 200mA, VIN = 264Vams 
From Table 1(A): Vps = 37V, Ip = 11.25A 


Figure 6 shows the maximum power load line for an output 
current of 200mA with Vin = 264Vans. 


To limit the maximum Vps voltage to <74V (twice that of 
Table 1) select the values of R2 and R3 so that with 74V 
across them, there is a 0.6V potential drop across R3. 


Assume R2 = 510kQ 


— R33 (EQ3) 
0.6 = Sonera” 
pg = (0:8) (510k) (EQ4) 
74-06 
R3 = 4.16kQ 


To limit the maximum Ip current to <22.5A select the value of 
R4 so that with 22.5A there is a 0.6V potential drop across 
R4. (NOTE: Although we’ve designed the circuit for a maxi- 
mum of 22.5A, theory predicts that Vpg would equal 0 volts 
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and therefore no power dissipation. Once again the maxi- 
mum power dissipation would be in the middle of our Ip and 
Vos ranges. 


0.6 = (22.5A) (R4) (EQS) 


“ R4 = 0.026Q 


The combination of voltage drops across R3 and R4 deter- 
mine the trigger point of the protection circuit. The recom- 
mended resistor values of R3 in Tables 2 and 3 are higher 
than predicted by the above calculation at the lower output 
currents. This is because the value of R4 was set to 0.02Q 


decreasing its sensitivity at lower output currents. (NOTE; 
R4’s calculated resistance is closer to 0.02Q at the higher 
currents.) R3’s value was increased to maintain the same 


trip point. 


Tables 2 and 3 give the recommended resistor values for 
both the World Wide Supply and the 120Vays supply. Also 
presented in both tables are the circuits MOSFET Pd, Peak 
drain current and circuit efficiency under normal operation as 
well as the MOSFET Pd under short circuit conditions. The 
peak power is several hundred watts but because the MOS- 
FET is on for such a short period of time the average power 
is only a few watts. Reference Figures 9-12 for average 
power dissipation of the MOSFET. 


TABLE 2. WORLDWIDE SUPPLY (Vy, = 30Vays TO 280Vays) 


Input Frequency = 60HZ, Voyr = 24V 
Input Voltage = 240Vays (NOTE: Reduce the Value of R3 for Viy > 264) 


NORMAL | NORMAL OPERATION = 


isle |s|s [eel peel oe oer 
(mA) (IRF830) « loaaw | EFFICIENCY (IRF830 
a 

Ter [ve [em [eo [ae [wean 
| et ee | ee ee 
| ie | ae | oe | ee | tee | ek | ee) ee 
Se 


OUTPUT SHORTEDF 


TABLE 3. 120Vaysg SUPPLY (Vay = 30Vaug TO 120Vaus) 
Input Frequency = 60HZ, Voyr = 24V Input Voltage = 120Vays 


NORMAL OPERATION OUTPUT SHORTED 


MOSFET Pd PEAK CIRCUIT MOSFET Pd 
(IRF830) « — EFFICIENCYt = 


* Reference Figures 9, 10, 11 and 12 for complete MOSFET Power Dissipation for 24V 60Hz, 24V 50Hz, 5V 50Hz and 5V 60Hz operation 
vs. Output Current 


t Reference Figures 13, 14, 15 and 16 for complete Circuit Efficiency for 24V 60Hz, 24V 50Hz, 5V 50Hz and 5V 60Hz operation vs. Input 


Voltage. 


+ See Fold-Back Current Limiting Section to reduce power dissipation in MOSFET. 
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Fold-Back Current Limiting 


Fold-back current limiting is a well known method of reduc- 
ing power dissipation and nuisance fuse blowing under short 
Circuit conditions. This can be realized by adding a fraction 
of the output voltage to the base of Q2 in the protection cir- 
cuit. By connecting a resistor (Re) (Figure 6A) from the base 
of Q2 to ground, an output-sensing voltage divider consisting 
of R4, R3, and Re produces a voltage that offsets the current 
sense (IR4) and SOA voltage (IR2 + IR3) so that a higher 
MOSFET current is required to turn on Q2 at full output voit- 
age than that required at zero output voltage (i.e. short cir- 
cuit). Therefore, at short circuit, the maximum available 
Current is determined by the voltage divider R2, R3 (for Vps) 
and the current sense resistor R4. Under normal output con- 
ditions, the available output current is increased by the mag- 
nitude of the offset voltage produced by the output sensing 
voltage divider, and foldback is achieved. 


nile 


Q1 


FIGURE 6A. 


A measure of the degree of foldback is a ratio of the output 
current at short circuit to the maximum current available at 
normal output voltage, and ideally would range between 
zero and 1 (assuming that the I-V characteristics of the sup- 
ply were perfectly square). This ratio is determined by the 
magnitude of the offset voltage introduced at the base of Q2. 
A practical range would be between 0.5 and 0.8, depending 
on the type of load. Too much foldback (<0.5) will produce a 
soft-start response into a large capacitive load, or no-start 
into an incandescent, or constant current load. 


The addition of foldback into the Q2 circuit requires a review 
of the values of the Vps sense resistors R2, R3, and peak 
current sense resistor R4. For example, the effect of adding 
a value of R¢ to produce a foldback ratio of 0.8, will introduce 
an offset voltage that will require a higher Vps to turn on Q2. 
At normal output voltage, this has the effect of moving the 
load line (Figure 6) to the right, increasing the stress on the 
MOSFET. To compensate, equations 1 and 2 must be modi- 
fied to include the offset voltage in the calculation of the 
resistors R2, R3 and R4. At short circuit the offset voltage 
disappears, moving the load line back to the left (in the direc- 
tion of less stress on the MOSFET). 


One way to compensate for the addition of Re is to place a 
resistor Rx in parallel with R2. The value is chosen to pro- 
vide a compensating current equal to the current through Re 
Therefore: 


Vout _ YDS(PEAK) 


From Table 1 the Vps for the output current desired allows 
the value of the Ry compensating resistor to be calculated. 
Thus, foldback is added without changing the MOSFET pro- 
tection load line under normal output conditions. Under short 
circuit Conditions, the line will shift to the left in an amount 
proportional to the current through Re 


Determining R2, R3 and R4 for a Different MOSFET 


The first step is to determine the worse case peak Vps and 
peak Ip values for the power MOSFET in this application. 
Worse case Vps and Ip values occur when the AC input volt- 
age, input frequency, output current and output voltage are 
all at their maximum values for the application (i.e. 264Vays, 
60Hz, 250mA and 24V). 


CAUTION: Reference section titled “General Precautions” before making the 
following measurements. 


NOTE: ADC meter only provides the average voltage, not the peak 
and therefore not suitable for the following measurements. 


Measurement of the peak Vps, as shown in Figures 3 and 4, 
requires an oscilloscope with isolated inputs. This allows the 
measurement to be taken directly across the MOSFET. 


Measurement of the peak Ip, also shown in Figures 3 and 4, 
requires a non-contact current probe that measures the 
drain current only (cathode side of D1 is a good connection 
point). 


The above measurements will allow the values of R2, R3 
and Ré4 to be sized such that under normal operating condi- 
tions the protection circuit is off (see following section on ver- 
ification of resistor values). 


Determining the MOSFET power dissipation or circuit effi- 
ciency requires an oscilloscope with isolated inputs and a 
waveform processing capabilities to calculate the area of the 
complex waveforms. The analysis for this application note 
used the Gould 2608 Digital Storage Oscilloscope. 


Verification of Correct R2, R3 and R4 Values 


It is important to verify that the protection circuit is off under 
normal operating conditions. 


Monitor the output voltage with an oscilloscope to ensure 
that the peak voltage is not dropping when the output current 
is greater than that required by the application. If the peak 
voltage decreases before Ioy7 (max) is reached, then the 
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value of R4 is too large. Once again, a DC meter will only 
give the average output voltage and will not give any indica- 
tion that the peak output voltage is dropping. 


Once the value of R4 is set, the value of R3 is verified by set- 
ting the output current to lout(max) and monitoring the output 
voltage with a scope (assuming R2 is selected). While moni- 
toring the peak output voltage change R3’s resistance value 
above that calculated. Select the next lower standard value 
that doesn’t cause the output peak voltage to drop. 


Output Short Circuit Protection 


Output short circuit protection is provided by sensing the out- 
put current through resistor R4. Under shorted output condi- 
tions Q2 is turned on. This results in turning off the HV- 
2405E sooner in the cycle via the inhibit pin. Maximum 
power dissipation in the MOSFET is during output short cir- 
cuit conditions. This should be considered when choosing 
the heat sink. 


Wave Shaping for EMI 


EMI can be a problem for switch mode power supplies due 
to the fast turn off times of the switch. The faster the di/dt the 
higher the harmonic content of the signal fed back into the 
power line. By wave shaping the input current pulse through 
the power MOSFET the size of the EMI filter can be reduced 
and in some cases is not required at all. (See Figure 7A). 


Qi CHARGING 


MONITOR 
+ 
CHARGING CURRENT 
Vout WAVE FORMS 


C1 f 
GND... sce = 


WITH 
C1 
GND --- = 
HV-2045E TURNS OFF 
(A) (B) 
FIGURE 7. 


Capacitor C1 is used to slowly turn off the power MOSFET 
once the HV-2405E has turned off. This is illustrated in Fig- 
ures 3 and 4, notice that the Ves voltage starts ramping 
down after to. The rate of this turn off is a function of the RC 
time constant between R5 and C1. Figure 7B shows a 


graphical representation of the input current pulse w/wo C1. 
Empirical tests have shown that longer RC time constants 
result in lower EMI noise at a cost of higher power dissipa- 
tion in the MOSFET. The optimum RC time constant is a 
function of the input line voltage and output current and 
determined on an application by application basis. R5 also 
prevents charge pumping of the gate during transient noise 
spikes. 


Setting the Output Voltage 


The circuit shown in Figure 1 provides a regulated 5V to 24V 
DC and is set by adjusting the value of Z1. The output 
voltage of the HV-2405E (pin 6) is set by feedback from the 
sense pin (pin5). The output will rise to the voltage 
necessary to keep the sense pin at 5V. The output voltage is 
equal to the Zener voltage (Vz,) plus the 5V on the sense 
pin. For a 5V output, the sense pin would be tied directly to 
the output. The output peak voltage has the accuracy and 
tolerance of both the Zener diode and the band-gap of the 
HV-2405E. The maximum value for VZ1 is 20V due to 
maximum output voltage rating of the HV-2405E. This circuit 
regulates the peak output capacitor voltage. The minimum 
output voltage is determined from the output capacitor size 
and the load current. 


Output Voltages >24V 


The output voltage can be extended to 35V for input volt- 
ages Of 120Vays and output currents up to 150mA by plac- 
ing another zener diode between pins 1 and 3 to GND, as 
illustrated in Figure 8. 


FIGURE 8. OUTPUT VOLTAGE UP TO 35V 
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Table 4A gives the recommended resistor values for output as well as the MOSFET Pd under short circuit conditions for 
voltages up to 35V. Table 4B gives the MOSFET Pd, Peak output voltages of 24V, 30V and 35V. 
drain current and circuits efficiency under normal operation 


TABLE 4A. 35 VOLT OUTPUT SUPPLY (Vw = 30Vaus TO 120Vpys) 


RESISTOR VALUES FOR INCREASED OUTPUT VOLTAGE UP TO 35V 


ee 
a 
a 
a 


TABLE 4B. 35 VOLT OUTPUT SUPPLY (Vy = 30Vaus TO 120Vpys) 
Input Frequency = 60HZz, Input Voltage = 120Vays 


NORMAL OPERATION OUTPUT SHORTED$ 
MOSFET Pd inet CIRCUIT MOSFET Pd 
lout (mA) Wiser (V9 (IRF830) EFFICIENCY Pre (IRF830) 
8% 


+ See Fold-Back Current Limiting Section to reduce power dissipation in MOSFET. 
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Component List (tDetermined by Application) 
Fuse 


Opens the connection to the power line should the system 
fail. 


Value: = t, 2AG 
Bridge Rectifier 


DB1M or 4 diodes similar to 1N4007. Reduces power dissi- 
pation in the MOSFET by reducing the peak current for a 
given output load. 


R1 Source Resistor 

R1 limits the input current into the HV-2405E. 
Value: = 1kQ 

D1 Blocking Diode 


D1 prevents current flow back into the input of the HV-2405E 
through the MOSFET. This helps to reduce the total power in 
the MOSFET. 


D2 Blocking Diode 


D2 prevents overstress of the 2N2222 base collector junc- 
tion. Without it current would flow through the HV-2405E 
when SA2 turns on, which over time could degrade the per- 
formance of the 2N2222. 


Q1 Power Transistor 


Q1 must have sufficient heat sink to dissipate the power. 
Reference Figures 7 through 10 for MOSFET (IRF830) 
power dissipation vs. input voltage and output current. 


Recommendation = IRF830 or equivalent. 
Q2 MOSFET/IGBT Power Limiting Transistor 


Q2 is a Bipolar Transistor that turns off the HV-2405E when 
a predetermined ID or VDS limit is exceeded. 


Recommended transistor = 2N2222 or equivalent. 
R2,R3,R4 Power limiting Resistors 


R2, R3, R4 set the maximum Power dissipation in the MOS- 
FET/IGBT. 


Values = ft, 1/4W 
R5 Input Current Wave Shaping Resistor 


R5 is used to provide an RC time constant to wave shape 
the input current. R5 also removes charge off the gate during 
initial start-up. 


Value = 10kQ 
Z1 Output Voltage Adjust 


Z1 is used to set the output voltage above the 5 volt refer- 
ence on pin 5 (see section titled “setting the output voltage” 
for more information). 


Value = t, 1/2W 


Z2 Gate to Source Voltage Clamp 


Z2 protects the Power Transistor’s gate to source from being 
overstressed. 


Value = 15V, 1/2W 
Z3 Output Voltage Adjust > 24V (See Figure 8) 
Z3 is used to set the output voltage above 24V. 
Value = ft, <12V. 
C1 Input Current Wave Shaping Capacitor 


C1 is used to provide an RC time constant to wave shape 
the input current. 


C2 Output Storage Capacitor 


C2 is charged twice each line cycle by the Power Transistor. 
Value = ft, 1000uF. 


General Precautions 
instrumentation Effects: 


Background: Input to output parasitic exist in most test 
equipment power supplies. The inter-winding capacitance of 
the transformer may result in substantial current flow (mA) 
from the equipment ground wire to the AC and DC ground of 
the HV-2405E. This current can induce instability in the 
inhibit circuit of the HV-2405E resulting in erratic operation. 


Recommendations for Evaluation of the HV-2405E In the 

Lab: 

a) The use of battery powered DVM’s and scopes will elim- 
inate ground loops. 


b) When connecting test equipment, locate grounds as 
close to pin 1 as possible. 


c) Current measurements on the AC side of the HV-2405E 
(Pin 8, 1 and 2) should be made with a non-contact cur- 
rent probe. 


if AC powered test equipment is used, then the use of an 
isolated plug is recommended. The isolated plug eliminates 
any voltage difference between earth ground and AC 
ground. However, even though the earth ground is discon- 
nected, ground loop currents can still flow through trans- 
former of the test equipment. Ground loops can be 
minimized by connecting the test equipment ground probe 
as Close to pin 1 as possible. 


CAUTION: Dangerous voltages may appear on exposed metal surfaces of 
AC powered test equipment. 


AC Source Effects: 


Background: Laboratory AC sources (such as VARIACs, 
step-up transformers etc.) contain large inductances that 
can generate damaging high voltage transients any time 
they are switched on or off. Switch arcing can further aggra- 
vate the effects of source inductance. 


Recommendation: Adequate protection means (such as 
MOV, avalanche diode, surgector, etc.) may be needed to 
clamp transients to within the +500V input limit of the HV- 
2405E. 


Preset VARIAC output voltage before applying power to part. 
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IRF830 MOSFET Power Dissipation vs Input Voltage and Output Current 


Pd IN MOSFET (W) 


o=- ND OF fF GA fF NN @ 


Pd IN MOSFET (W) 


INPUT VOLTAGE (ms) AT 60Hz 


FIGURE 9. MOSFET POWER DISSIPATION 5V 
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FIGURE 11. MOSFET POWER DISSIPATION 24V 
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FIGURE 10. MOSFET POWER DISSIPATION 5V 
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FIGURE 12. MOSFET POWER DISSIPATION 24V 
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Efficiency of High Current Circuit vs Input Voltage and Output Current 


OUTPUT POWER / INPUT POWER (%) 
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FIGURE 13. EFFICIENCY OF HV-2405E HIGH CURRENT FIGURE 14. EFFICIENCY OF HV-2405E HIGH CURRENT 
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Footnotes 


The circuit in Figure 1 is an improvement over a previous 2) 
application note AN9101 (March 1991). The advantages of 
this circuit over that illustrated in AN9101 are: 


1) Better output short circuit protection scheme. Protection 
circuit enables the designer to tailor the circuit fora given 3) 
power dissipation in the power MOSFET by monitoring 
the MOSFET’s voltage and current during operation. 
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Better output voltage regulation. By connecting the 
ground of the HV-2405E to AC return the band-gap cir- 
Ccuitry of the HV-2405E provides a temperature indepen- 
dent reference voltage that regulates the output voltage. 


Better performance to EMI (conducted interference). By 
wave shaping the input current pulse through the power 
MOSFET during turn off, the circuit can be tailored to 
pass EMI 0871 class “B” testing. 
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HIGH CURRENT LOGIC LEVEL MOSFET DRIVER 


Author: John Prentice 


Harris Intelligent Power 


Introduction 


Although the HV400 was designed as an interface between 
a pulse transformer and a power MOSFET, there are 
applications for high current MOSFET gate drive controlled 
by standard logic. This application note provides a method of 
interfacing the HV400 to logic signals. It also reviews the 
input control requirements of the HV400. The data sheet for 
the HV400 may be found in the “Intelligent Power IC’s” data 
book DB304. 


HV400 Circuit Schematic 


The HV400 schematic is shown in Figure 1. There are 
separate outputs for sinking and sourcing current. When the 
input goes low, resistor R3 provides base drive for Q2. An 
SCR is used to sink large currents. Transistor Q2 triggers 
SCR1 at both the anode and cathode gates. This triggering 
sequence begins as soon as D4 becomes reverse biased; 
the triggering delay time is then independent of the input fall 
time. Resistor R4 provides a base discharge path for Q1. 
Diode D6 increases the input hysteresis to reduce the 
chances that ringing at the input or output will trigger the 
SCR. Resistors R1 and R2 remove excess stored charge 
from the SCR and also help prevent false triggering. Diode 
D5 clamps the input low voltage. 


A high input turns on Q1. Diodes D2 and D3, along with D1, 
prevent Q1 from saturating. Diode D1 also provides a means 
of passing charge from the input to the supply. 


HV400 Input Characteristics 


ground and the source are at nearly the same potential. For 5 
The HV400 is a non inverting current buffer. Pin 2 is the input example, forward, flyback and push-pull switch mode power -w 
control pin. For the output to be high, the input must also be — supplies use power MOSFET’s with grounded sources. 3 = 
an yee fs east 12mA saat ies se J esas The Harris |CL7667 is a dual MOSFET driver that converts =~! = 

put current is required for the base ; ew 

current of Q1. The input driver should be capable of sourcing TTUCMOS level signals into the higher voltages required for = 


200mA for a few hundred nanoseconds to achieve a 3A 
Output current pulse but much less is required for smaller 
Output currents due to the change in transistor gain with 
current and voltage. The input voltage should be 2V higher 
than the desired output voltage. 


To set the output into the low state, the input voltage must 
drop 1V below the output. This can be accomplished by 
terminating the pin 2 input current since R3 acts as a pull- 


Copyright © Harris Corporation 1993 


down resistor. The input voltage should be no more than 2V 
above pins 4 and 5 to make sure that Q1 will not turn back 
on. 


PIN 7¢ 
POWER INPUT 


PIN 2 
CONTROL INPUT 


PINS 4 AND 5 
RETURN 


FIGURE 1. MOSFET DRIVER SCHEMATIC 


Once the output is triggered low, it will remain low until the 
Current into the output, pins 3 and 6, drops below 10mA and 
the SCR unlatches. The input must not go positive until the 
SCR unlatches and has had time to recover its voltage 
blocking capability defined by the “minimum off time” specifi- 
Cation. 


Logic Level Input 


There are many instances where the control signal is a logic 
level referenced to the source of the MOSFET, i.e. logic 


gate drives. The combination HV400 and ICL7667 results in 
a low cost, high output current, logic level input MOSFET 
driver. The circuit schematic is shown in Figure 2. One of the 
ICL7667 outputs becomes the input for the HV400 and the 
other is connected in parallel with the HV400 output. Since 
the ICL7667 is a CMOS product, its outputs swing rail-to-rail. 
Based on the HV400 input requirements, it should be 
apparent that a low impedance, high voltage (i.e. 15V) 
CMOS output is ideal for driving the HV400 input. 
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+HV 


FIGURE 2. LOGIC LEVEL CIRCUIT 


The result of combining one channel of the |CL7667 with the 
output of the HV400 is an improved driver with the voltage 
swing of a CMOS part and the large peak currents available 
from BiPolar. During switching transitions, the HV400 pro- 
vides most of the sinking/sourcing current until the output is 
within 2V of the supply or ground. When the output is low, 
the ICL7667 continues to discharge the power MOSFET 
gate to ground after the HV400 SCR unlatches. It also pro- 
vides a low impedance path to ground to keep the power 
MOSFET off in the presence of drain coupled noise or gate 
leakage currents. When the output is high, the ICL7667 con- 
tinues to charge the MOSFET gate to the supply voltage 
minimizing MOSFET “on” resistance. Since most power 
MOSFET gate energy is dissipated in the HV400, the 
ICL7667 operates cooler minimizing the switching and delay 
times. The maximum supply voltage is 15V limited by the 
ICL7667. 


The following figures illustrate the performance of the 
HV400/ICL7667 combination. Figures 3 and 4 show the 
response with a 1nF capacitive load. Included for compari- 


son is the response of the ICL7667 by itself. The low-to-high 
transition (Figure 3) has a 30nS delay and a 15nS rise time. 
The high-to-low transition (Figure 4) has a 10nS delay and a 
14nS fall time. The HV-400 reduces the rise and fall times by 
only a few nanoseconds. 


Figures 5 and 6 are for the same conditions except the load 
has been increased to 5nF. Here, the HV400 reduces the 
rise time to about 50% of that of the ICL7667 alone and the 
fall time is about 25%. The delay times are unchanged. 


Figures 7 and 8 show the ICL7667/HV400 combination driv- 
ing a 20nF load. From the dv/dt measurements, the peak 
source current is about 3'/,A and the peak sink current is 
about 8A. 


Summary 


A simple circuit combination of the HV400 and an ICL7667 
MOSFET drivers results in a logic compatible driver with 
large drive current capacity. 
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NOTE: 

Ch. 1 = 5.000V/div 
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Timebase = 50.0ns/div 
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FIGURE 7 
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FIGURE 4 
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LOGIC INPUT 
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CA3277 DUAL 5V REGULATOR CIRCUIT APPLICATIONS 


Author: John C. Rice 


Introduction 


The CA3277 dual 5V regulator was designed to perform 
reliably in harsh Automotive and Industrial environments 
where reverse voltages and unclamped inductive loads are 
commonly present. The primary 5V regulator OUT1 is 
generally used to power a microprocessor and backup 
CMOS memory. For systems requiring low power operation, 
the auxiliary 5V regulator, OUT2 can be disabled by applying 
a logic low signal to the ENABLE pin. Both regulators are 
capable of supplying up to 100mA at 5V and are internally 
protected against over-voltage, over-current and over-tem- 
perature conditions. This Application Note explores the basic 
structure of the CA3277 and presents several examples on 
applying the unique features of this device. 


IGN IN [|_D 


REMOTE 
SYSTEM 


CURRENT 
MULTIPLIER 


General Discussion 


The exceptionally low dropout voltage and low quiescent 
current (SOOWA typical) makes the CA3277 a perfect choice 
in systems requiring 5V regulation from a battery supply. 
Figure 1 illustrates many of the CA3277 features. A bandgap 
reference is used to establish a temperature compensated 
reference for the internal over-current, over-temperature and 
over-voltage protection circuitry. An open collector reset pin 
is available for systems requiring a programmable, time 
delay reset during power supply transitions. 


To enhance input noise immunity, the Ignition and Data 
Comparators were designed with 200mV of input hysteresis. 
Both comparators provide a means for translating digital 
information from the battery voltage to a 5V logic level. The 


ENABLE 
SWITCHED 


STANDBY 


C7 
cs 
0.1 nF Lf OOuF 


TxD RxD PORT PORT 
IN OUT 


5V MICROCONTROLLER 


FIGURE 1. TYPICAL APPLICATION OF THE CA3277 USING THE SERIAL DATA BUFFERS 
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Data Comparator Input pin, DI and the Current Output pin, 
COUT were originally designed to facilitate current loop, 
serial communication with a remote system. Serial data is 
processed through the CA3277 and interfaces to a micro- 
controller at the Data Output, DO and Current Input, CIN 
pins. The CA3277 Current Multiplier can also be used 
wherever a programmable constant current sink is needed. 


The input LC filter illustrated in Figure 1 may not be 
necessary, but is recommended in harsh automotive and 
industrial environments where high speed, current transients 
could be present. Proper application of the CA3277 provides 
for a wide range of positive and negative transient voltage 
immunity (See Data sheet). 


The CA3277 is packaged in a 16 pin power DIP enhancing 
its ability to dissipate heat well above standard DIP pack- 
ages. It will maintain the device junction temperature below 
150°C while dissipating 1.5W at 60°C. To maintain FULL 
load regulation and stability, a minimum of 22uF should be 
used on each output. The required output capacitance may 
vary depending on the application load and system tempera- 
ture range. The effective capacitance of many electrolytic 
capacitors quickly diminishes at low temperatures. There- 
fore, in systems where temperatures are expected to be 
below -25°C, solid tantalum capacitors should be used. 


Remote System Communications 


The application circuit in Figure 2 illustrates how the CA3277 
Ignition Comparator and Current Multiplier Output pins (IGN 
IN and COUT) can be used to communicate with a remote 
system. The primary advantage of this communication 
scheme is that digital information is transferred between 
systems using battery level voltage. This mechanization 
helps reduce EMI susceptibility on the 5V uP supply. 


VBaATT 


. SYSTEM COMMON 


As a simple illustration, circuitry was added to the REMOTE 
system to sense a low voltage on OUT2. Once OUT2 goes 
below the threshold set by potentiqgmeter P1, a fault is 
latched by the D flip-flop. The Ignition Comparator of the 
CA3277 translates the battery level fault signal into a 5V 
logic level. Once the fault is detected, the pP can attempt to 
reset the D flip-flop by sinking current from the CIN pin. The 
CIN pin is referenced to OUT1 and current into this pin is 
multiplied by 100 at the COUT pin. A pull-up on the COUT 
pin to battery converts the CA3277 current multiplier into a 
TTL-to-CMOS digital level translator. 


Low Voltage Reset Function 


Two pins on the CA3277 are dedicated to a Low Voltage 
Reset control function. The circuit for the Reset control is 
shown in Figure 3. When the supply voltage input level to 
BATT drops below the regulation threshold, the 5V OUT1 
regulator voltage tracks the input from 5V down to ~3.5V 
before dropping out. The Reset circuit senses the falling 
OUT1 voltage level to initiate the Reset flag for the microcon- 
troller. 


The Reset circuit will provide a bandgap controlled delay, 
generated from an internal 101A constant current source to 
pin 7 (CRST) to charge the external reset capacitor, Cast. 
The RST Output, pin 8 is held low as long as the voltage on 
the reset capacitor, Vcap(t) < 3.08. (This corresponds to less 
than 4.2V at OUT1) The voltage on Crasz is given by: 


. ft; 
Voap (t) = & XJoittyat 
Where the value of i(t) is a constant current source and is 
equal to10pA, then: 
10 (HA) Xtaoy 


V (t) = 
wor Cast 
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REMOTE SYSTEM 
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FIGURE 2. REMOTE SINGLE BIT COMMUNICATION AND LOGIC LEVEL TRANSLATION 
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Solving the above equation for Casr when Vcap(t) = 3.08V 
yields an expression that can be used to calculate the value 
of the external capacitor for a desired reset time. Where tast 
is in milliseconds, the solution for Cast in pF is: 


tRst (ms) 


Cast (HF) = ——aog 


Example: For a 150ms reset pulse, the capacitor value in pF 
would be: 


150 (ms) 


= 0.48uF 
308 p 


Cast = 


Reset as a Stable Constant Current Source 


When not otherwise committed to use, the 10uA constant 
Current source from the Casz, pin 7 output can be used as 
illustrated in Figure 4 to form a non-inverting current-to- 
current multiplier. The circuit is connected as a unity-gain 
buffer which forces the voltage drop, I), x R1 across R2. The 
Output current equals the sum of the input current and the 
current flowing through R1. 


| R1 
1.8: lout = in (1+ 55) 


The compliant voltage range of the 10yA current source is 
limited on the high side by saturation of the PNP transistor, 
Qc, shown in Figure 3. On the low side, the FLAG/SW Reset 
Comparator input may source upto 1p:A of current when the 
input is less than 3.08V. The most stable load voltage range 
for the Cast constant current source is 4V to (Vgarr - 2V). 


CA3277 |cCRST —> 
(PIN 7) 


9 lout 


— omen 


FIGURE 4. CURRENT-TO-CURRENT MULITPLIER 
Current Multiplier 


The Current Multiplier circuit of the CA3277 is shown in 
Figure 5A. The CIN pin is a current controlled input and the 
COUT pin is a 100 times current amplified output. As such, 
the Current Multiplier is available if a programmable current 
sink is required. Figure 5B illustrates the linearity of the cur- 
rent gain across temperature. For 10mA of output current, 
referenced to 25°C, the current gain variation is plotted over 
the -40 to 85°C ambient temperature range. The current gain 
is typically 100 times and is defined as the output current, 
lcout divided by the input current, Icy. (Figure 5C) Notice 
that some nonlinearity does exist when the input current, 
Icin, IS below SOLA. 


The external components of Figure 5A illustrate a simple test 
circuit the reader can use to verify that the current gain 
linearity will meet a particular application need. Adjust P1 
such that Icy is within the recommended current range of 
SOLA < Icin < SO0WA. The calculation for output voltage 
across the 1KQ resistor should be approximately 


Voout = VBatt~ “cin * 100) x 1KQ. 


MICROCONTROLLER 


FIGURE 3. LOW VOLTAGE RESET CIRCUITRY 
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The output stage can be driven to current levels exceeding 
30mA. To minimize dissipation, the no-signal state should be 
a condition of zero input bias current. 


FIGURE 5A. CURRENT GAIN LINEARITY TEST CIRCUIT SHOWN 
WITH THE CA3277 CURRENT MULTIPLIER 


CURRENT GAIN VAR. 
FROM NOM. (% ) 


-40 -20 0 20 40 60 80 100 
AMBIENT TEMPERATURE (°C) 


FIGURE 5B. CURRENT MULTIPLIER CURRENT GAIN vs TEMPER- 
ATURE CHARACTERISTIC 


GRRENT (mA) 


COUT 
OUTPUT C 


|) (SEE FIG 5A FOR TEST CIRCUIT) 


0 
0 20 40 60 80 100 120 


CIN (PIN 10) - INPUT CURRENT (yA) 


FIGURE 5C. CURRENT GAIN CHARACTERISTIC OF THE CA3277 
CURRENT MULTIPLIER 


Low Battery Fault Indicator - Current Multiplier Application 


The Current Multiplier can be used with the Data 
Comparator to provide a Low Battery feedback signal to the 
microprocessor. Figure 6 illustrates the interface between 
the CA3277 and the microprocessor. As_ previously 
discussed, the CIN input is internally connected to the base 
and collector (diode connection) of a PNP transistor; the 
Emitter being tied to OUT1. (See the internal Current 
Multiplier Schematic of Figure 5A) 


To use the Current Multiplier as a Low Battery detector, 
simply reverse bias the CIN input to a higher voltage than 
the turn-on threshold. A practical condition is to make Vojy = 
Vout: Which provides the equivalent of one diode drop as a 
threshold margin when the battery is new. As the battery 
voltage decreases over the battery life, so will Voy; until the 
CIN input voltage is below Vout; by ~0.7V. This will forward 
bias the diode connected PNP, turning on the Current Multi- 
plier and driving the Current Output pin low. 


Note: The voltage drop, Vp. ~ 0.7V of the diode connected 
PNP has the same temperature dependence as a normal 
junction diode, decreasing as the chip temperature rises. 


The LED in Figure 6 will serve as a visual indicator of a low 
battery condition. The Data Comparator can be used to 
provide feedback to the Microprocessor. Buffer the COUT 
pin by tying it to the Data Comparator input. The Data Out 
pin can then be directly connected to the Microprocessor 
port input or interrupt pin. Recall that the Data Comparator 
has 200mV of input hysteresis which helps reduce the risk of 
noise on this Microprocessor input. 


Note: OUT2 must be enabled if the Data Comparator is 
used. 


~™ 


FIGURE6. EXAMPLE OF ALOW BATTERY FAULT INDICATOR 
CIRCUIT 
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Example: 
When the 9V battery, illustrated in Figure 6, is new: 
VeattT = 9V and Vout = 5V (Typical) 


For a low battery threshold voltage margin of one diode volt- 
age drop where V,, = 0.7V; and Vin is the voltage at the R1 
and R2 resistor divider junction, 


Let Voin = Vout1 
The CIN input does not begin to source current until 


Vein $ Vout1 - Vbe 
The voltage divider equation for the Vj, voltage is: 


R2 
EQ: Voin = YBatt™ (Rayo? 


To keep the idle current drain (Ipias) as low as possible on 
the battery, 
Let 1O0HA Sle ag S200HA 


The circuit equation for Ipias Current while Icjy = 0 is: 


| - flue 
BIAS ~ \R14+R2 


Solving EQ1 and EQ2 and using Von = Vout: = 5V; IBias = 
100A and Vpart = 9V, we can calculate the values of R1 
and R2 as follows: 


EQ2: 


To solve for R2: 
V 
Re = | CIN _ SY soKa 
Bias =: 100 
To solve for R1: 
VBATT 9V 
Rt = - -R2 = ——_ -50KQ = 40KQ 
BIAS H 


Standard values of 51KQ and 39KQ should provide a Voix 
divider value of 5.1V. The range of Voy; is specified as 4.75 
to 5.25V and the threshold for turn-on of Voy is Vout; - Vbe: 


LOCAL SYSTEM (HOST) 


where V,, is approximately ~0.6V+0.1V volts over the full 
temperature range. This defines the Vearr range for a low 
battery LED indicator output, given worse case conditions. 
Using EQ1 and substituting Voi = Vout - Vbe: we have: 


R1i+R2 
Veatt = “oint be) x (Ra? 


The extreme variations for the given conditions result in a 
low battery indicator Vaart range from 7V to 8.2V. 


Using the Current Mult. and Data Comp. in a Full Duplex 
Signal Transmission 


Current loop, data transfer between equipment can be 
accomplished via one of three ways; Simplex, Half Duplex or 
Full Duplex. The CA3277 was originally designed to 
accommodate full duplex, point to point Communication 
between electronic modules within an automobile. Full 
duplex communication provides for simultaneous, bidirec- 
tional data flow from a local transmitter to a remote receiver. 


The CA3277 Current Multiplier and Data Comparator can be 
used to transmit serial data as illustrated in Figure 7. The 
Data Comparator is internally referenced to (Vparr - 2.9V) 
and is used to translate the battery voltage data to a micro- 
processor compatible 5V signal. Also, note that OUT2 must 
be enabled for proper operation of the Data Comparator. The 
loop current is controlled by R1 and R2 and is given by 


(Youti~¥ 


_ be “ow! 
LOOP ~— R 


IN 


where Ri is the R1 or R2 value. As previously noted, the 
Vbe Value is 0.7V and Vo, is the Output Low specification for 
the microprocessor. 


Using Voyt; = 5V and Vo = 0.3V: 
400 


| = —— 
LOOP Rin 


Current flows from the pull-up resistors R3 and R4 to the 
transmitting system ground. Either a microprocessor SCl 
port (Serial Communication Interface) or an input/output port 


REMOTE SYSTEM 


FIGURE 7. USING THE CA3277 FOR FULL DUPLEX SIGNAL TRANSMISSION 
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can be used to transmit and receive data. A data rate of 
9600 baud should be easily attainable in most applications 
and could potentially be much higher where line impedances 
are low and a twisted pair, shielded cable is used. The shield 
should be tied to the system with the lowest source ground 
impedance. 


Using the Current Mult. in Transducer Applications 


A transducer responds to the state of a measured quantity 
such as temperature, light, pressure, etc. and converts this 
state into a convenient electrical or mechanical quantity. 
These devices are often used to measure process variables 
in closed loop systems and can be located hundreds of feet 
from the system controller. Signal integrity can be 
compromised if the necessary precautions are not taken in 
transmitting low-level and nonlinear signals. The measure- 
ment of an impedance signal such as a photoconductive or 
resistive sensing element can be accomplished using the 
CA3277 Current Multiplier. Figure 8 illustrates a typical 
circuit configuration where the loop current is given by: 


, 7 ZENER 
LOOP = R 


stp 
Select Re such that the loop current is within the CA3277 


and transducer current specifications and also insensitive to 
variations in line impedance (i.e. Rg >> R, we). 


Temperature measurement with a thermistor represents a 
typical application. The nonlinear, resistance-vs-temperature 
characteristic of a thermistor makes it particularly useful 
when a large resistance change is needed over a narrow 
range of temperature. Because of this exponential relation to 
temperature, the excitation current through the thermistor 
must be kept to a minimum. Recall that the CA3277 Current 
Multiplier has a current gain of 100. This will help to minimize 
the required excitation current and potential errors 
associated with self heating. A two wire, twisted pair cable 
with shield should be used to minimize capacitive and 
normal-mode inductive pickup. 


Finding the best static bias point is a common problem in 
sensor pickup circuits. A sensor’s voltage-current character- 
istic may dictate the need to fix the range of bias current or 


REMOTE SYSTEM 


Seeeeny 


=seecezwe 


voltage. This may include the need to add various types of 
zener diodes and/or diode-resistor circuit configurations. A 
typical example would be to lower the operating voltage on 
the sensor to shift the current versus voltage output range. 
This may be effectively accomplished by adding a zener 
diode in series with the sensor, as shown for the example of 
Figure 8. 


Programmable Voitage Reference 


Many of today’s popular microcontrollers like the 68HCO5 
and 68HC11 have multi-channel analog-to-digital converters 
(ADC). The microcontrollers provide two reference pins for 
the conversion of the input signal, Va¢er(High) and 
Vrer(Low). If the full scale input signal is much less than the 
reference voltage, the accuracy of the conversion may be 
compromised. Absolute accuracy can be maximized by 
using a stable voltage reference that is close to the 
maximum expected input voltage. The CA3277 lends itself 
nicely to applications that need a programmable voltage 
reference. Figure 9 illustrates a possible configuration for 
setting the reference voltage for a microcontroller ADC. 
While a resistor divider from OUT1 or OUT2 could be used 
to establish a stable and accurate reference voltage for 
Vrer(High), it is possible to program an output port from the 
microprocessor to enable the reference voltage as illustrated 
in Figure 9. The Ryy value selected and adjusted is switched 
ON to fix the value of reference voltage, Vare By this 
method, the battery current drain and dissipation in Reyz is 
limited in duration to the conversion period. The Ici, 
equation includes a Vo, term; however, this should be less 
than 0.1V for the normal range of Ici, currents. With added 
Rin Values returned to separate Port Out controls, different 
values of Vacr(High) can be programmed as needed. 


The OUT2 (Enabled) supply is used as the voltage source 
for this application. The input bias current of Vp_r is typically 
much less than 1.0A. Where VaeF = Vaer(High) and lcouT 
is much greater than Inc. we can assume that the output 
current is given by 


(Vout2~ REP) 


RextT 


EQ!: lcouT = = 100xloin 


FIGURE 8. ANALOG SIGNAL TRANSMISSION USING THE CA3277 CURRENT MULTIPLIER 
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The input current equation is given by 


oY %be MOL _ 4.2 
IN=——R * RO 
" RIN 


EQ2: 
RIN 
Combining EQ1 and EQ2 we have: 


_ Rext — “Yout2~ “rer? 

Rin 420 
Where Vpe_r is the desired value for a given ADC input 
voltage. 


Example: 


A particular application requires 1.5V reference to 
accommodate a maximum input voltage of 1.0V. Solve for 
the external resistor, Rex; and Rix, required to obtain a 1.5V 
voltage reference for the microcontroller ADC of Figure 9. 


Select Rex; such that Icoyr = 3.5mA (For a stable Refer- 
ence voltage). Then from EQ1: 


VouT2-YREF)  3.5V 
lcouT 3.5mA 
| 
COUT 3.5mA 
And ICIN = 00 = 100 ce 35yA 
Then, from equation EQ2: 
4.2 4.2 
Rin a ln. = 35pA = 120KQ 
CIN 


ANALOG 
INPUT 


Vaer(HIGH) 


Vrer(LOw) 


An Evaluation PC Circuit Board 


For the purposes of bench evaluation, the circuit of Figure 
10A with the single layer PC Board layout shown in Figure 
10B is suggested as a point of reference for layout recom- 
mendations. As shown in the Data Sheet, the output current 
of each 5V regulator is conservatively rated based on free air 
heat transfer and a maximum ambient of 85°C. For a given 
output current and ambient temperature condition the objec- 
tive is to maintain the IC junction temperature, T, below the 
150°C maximum temperature rating. If the Watt Input to the 
IC is greater than the conducted plus radiated Watt Output, 
the chip temperature will continue to increase. The goal is to 
achieve a balance of Watt Input and Watt Output with the 
junction temperature of the chip less than or equal to the 
maximum junction temperature rating. 


One approach is to maximize the ground plane under the 
IC package. Internally, the CA3277 chip rests on the 
mounting pad of a copper lead frame. The mounting pad 
is internally connected to the ICs four inner ground pins. 
The lead frame is designed to maximize thermal conduc- 
tivity from the IC junction to the IC case (pins 4, 5, 12 & 
13) and is rated at 6;, = 14°C/W. The temperature differ- 
ence between the IC case and the ambient temperature 
will determine to a large extent the output current capabil- 
ity of each regulator. By increasing the ground plane area 
under the IC as illustrated in Figure 10B, heat transfer 
from the IC case is enhanced. The area closest to the IC 
pins is most significant in attempting to improve the 
thermal conductivity and output current capability. The 
layout of Figure 10B is recommended as an economical 
compromise with good packing density and good layout 
for heat conduction. Consider the difference in thermal 


J Veatr 
6V to 18V 


FIGURE 9. PROGRAMMABLE VOLTAGE REFERENCE FOR MICROPROCESSOR APPLICATIONS 
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conductivity between O@j> = 14°C/W and 6), = 60°C/W__ Example: 
(given as data sheet ratings). Adding ground plane area 
will help reduce 6), and enhance output current capability. 
If the CA3277 resides on a multilayer PC Board, be sure 
to connect the four ground pins to the inner ground plane. 


Calculate the maximum power dissipation with an ambient 
temperature of 40°C in free air. Assume the Current Multi- 
plier is not used and no ground plane area is available on the 


Note: Thermal relief pads are commonly used to enhance Ph Soares 

solderability. This technique however will reduce the effec- EQ1: y= + (P,x6,,) < 150 °C 
J AMB D° "JA 

tiveness of the ground plane as a heat sink. See the 

CA3277 data sheet for a more detailed discussion on EQ2: 150 = 40+ (Ph (MAX) * 89) 


power dissipation. 
Solving EQ1 and EQ2, we have Ph (MAX) = 1.83W., 


VouT1 
RLOAD1 
C4 
0.4 pF 0.1 pF 
= 22uF 
J1 
BATT 
OUT1 
en oe 
GND 
5 
IGNIN re | 
OUT2 IGNOUT 
COUT 
DO 
CIN 
RST 
Di 


FIGURE 10A. CA3277 EVALUATION PC BOARD 


2.7 INCH 
RLOAD2 CA3277 EVALUATION BOARD J2 
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1.5 INCH 


cos (Re «Cer |] 
C3 


RLOAD1 HARRIS SEMICONDUCTOR 


COMPONENT LAYOUT METAL PATTERN 


FIGURE 10B. LAYOUT OF CA3277 PC BOARD 
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Defintion Of Terms 


Dropout Voltage: The minimum, differential voltage 
between the input and output that will maintain output regu- 
lation. It is typically load dependent. 


Quiescent Current: The input current that does not support 
the load. Current that flows through the regulator ground 
lead. 


Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 


Load Regulation: The change in output voltage for a 
change in load current at a constant chip temperature. 
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ESD AND TRANSIENT PROTECTION USING THE SP720 


Author: Wayne Austin 


The need for transient protection in integrated circuits is 
driven by the quest for improved reliability at lower cost. The 
primary efforts for improvement are generally directed 
toward the lowest possible incidence of over-voltage related 
stresses. While electrical over-stress (EOS) is always a 
potential cause for failure; a discipline of proper handling, 
grounding and attention to environmental causes can reduce 
EOS causes for failure to a very low level. However, the 
nature of hostile environments cannot always be predicted. 
Electrostatic Discharge (ESD) in some measure, is always 
present and the best possible ESD interface protection may 
still be insufficient. As the technology of solid state 
progresses, the occurrence of ESD related IC failures is not 
uncommon. There is a continuing tendency for both ESD 
and EOS failures, due in part, to the smaller geometries of 
today’s VLSI circuits. 


The solid state industry has generally acknowledged a stan- 
dard for the level of capability in LS! designs of t2000V for 
the Human Body Model where the defined capacitance is 
100pF and the series resistance is 1500Q. However, this 
level of protection may not be adequate in many applications 
and can be difficult to achieve in some VLSI technologies. 


Normal precautions against ESD in the environment of 
broad based manufacturing are often inadequate. The need 
for a more rugged IC interface protection will continue to be 
an established goal. 


Historically, it should be recognized that early IC develop- 
ment began to address the ESD problem when standards for 
handling precautions did not exist. High energy discharges 
were a common phenomena associated with monitor and 
picture tube (CRT) applications and could damage or 
destroy a solid state device without direct contact. It was 
recognized that all efforts to safe-guard sensitive devices 
were not totally sufficient. Small geometry signal processing 
circuits continued to sustain varying levels of damage 
through induced circulating currents and direct or indirect 
exposure in handling. These energy levels could be 
substantially higher than the current standard referenced in 
Mil-Std-3015.7; also referred to as the Human Body Model. 


The recognized need for improved ESD protection was first 
precipitated under harsh handling conditions; particularly in 
applications that interfaced to human contact or from the 
interaction of mechanical parts in motion. The popular 
features of component and modular electronic equipment 
have continued to generate susceptibility to |C damage while 
in continuing use. These market items include computers 
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and peripherals, telecommunication equipment and con- 
sumer electronic systems. While some IC’s may only see the 
need for ESD protection while in manufacturing assembly or 
during service in the field, the most common cause for ESD 
failures can still be related to a human contact. Moreover, 
educational efforts have improved today’s manufacturing 
environment substantially reduce failures that relate to the 
mechanical handling. The ESD failure causes that relate to 
mechanical handling now have a test standard referred to as 
a Machine Model which relates to the source of the 
generated energy. 


While the electrical model for an energy source is generally 
accepted as a capacitor with stored charge and a series 
resistance to represent the charge flow impedance, the best 
means to handle the high energy discharge is not so clearly 
evident. The circuit of Figure 1 illustrates the basic concept 
that is applied as a method of ESD testing for the Human 
Body Model. The ESD energy source is shown as a charged 
capacitor Cp and series connected, source impedance, 
resistor Rp The point of contact or energy discharge is 
shown, for test purposes, as a switch external to the IC. A 
protection structure is often included on an IC to prevent 
damage from an ESD energy source. To properly protect the 
circuit on the IC the on-chip switch, Ss, is closed when a 
discharge is sensed and shunts the discharge energy 
through a low impedance resistor (Rs) to ground. It is 
imperative that the resistance of the discharge path be as 
low as practical to limit dissipation in the protection structure. 
It is not essential that the ground be the chip substrate or the 
package frame. The energy may be shunted via the shortest 
path external to the chip to an AC or DC ground. 


POINT OF 
ENERGY 
DISCHARGE 


ACTIVE 
CIRCUIT 


ESD 
ENERGY 
SOURCE 


IC (CHIP) 


FIGURE 1. ESD TEST FOR AN ON-CHIP PROTECTION CIRCUIT 
USING THE MIL-STD-883, METHOD 3015.7 (HUMAN 
BODY MODEL) 
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This conceptual method has been used in many IC designs 
employing a wide variation of structures, depending the IC 
technology and degree of protection needed. The switch, Ss 
is generally a threshold sensitive turn-ON at some voltage 
level above or below the normal signal range; however, it 
must be within the a safe operating range of the device being 
protected. The resistance, Rg is shown as the inherent 
series resistance of the protection structure when it is 
discharging (dumping) the ESD energy. In its simplest forms, 
the protection structures may be diodes and zeners, where 
the sensing threshold is the forward turn-ON or zener 
threshold of the device. The inherent resistance becomes 
the bulk resistance of the diode structure when it is conduct- 
ing. Successful examples of two such protection structures 
that have been used to protect sensitive inputs to MOS 
devices are shown in Figure 2. The back-to-back zener 
structure shown for the dual-gate MOSFET was employed in 
the 3N - dual gate MOS devices before IC technology was 
firmly established. The series poly and stacked diode 
structure used to shunt ESD energy followed several 
variations for use in CMOS technology and was employ in 
the CD74HC/HCT - High Speed CMOS family of logic 
devices. This CMOS protection structure is capable of meet- 
ing the 2000V requirements of Mil-Std-883, Method 3015.7; 
where the Ro in Figure 1 is 1500Q and Cp is 100pF. 


Vcc 


INPUT 


POLY R 


FIGURE 2. ESDAND TRANSIENT PROTECTION EFFECTIVELY 
USED IN MOS AND CMOS DEVICES 


Due to greater emphasis on Reliability under harsh applica- 
tion conditions, more ruggedized protection structure have 
been developed. A variety of circuit configurations have 
been evaluated and applied to use in production circuits. A 
limited introduction to this work was published in various 
papers by L. Avery (See Bibliography). To provide the best 
protection possible within economic constraints, it was 
determined that SCR latching structures could provide very 
fast turn-ON, a low forward on resistance and a reliable 
threshold of switching. Both positive and negative protection 
structures were readily adapted to bipolar technology. Other 
defining aspects of the protection network included the 
capability to be self-protecting to a much higher level than 
the signal input line being protected. Ideally, when a 
protection circuit is not otherwise needed, it should have no 
significant loading effect on the operating circuit. As such, it 
should have very little shunt capacitance and require 
minimal series resistance to be added to the signal line of 
the active circuit. Also, where minimal capacitance loading is 
essential for a fast turn-ON speed, the need for a simpler 
structure is indicated. 


The switching arrangement for a basic and simple protection 
structure is shown in Figure 3. Each high side and low side 
protection structure (Rg and Ss) is an embedded device, 
taking advantage of the P substrate and epitaxial N material 
used in bipolar technology. Each cell contains an SCR with a 
series dropping resistor to sense an over-voltage turn-ON 
condition and trip the SCR (Switch Ss) into latch. The ON- 
resistance (Rg) of the latched SCR is much lower than Rp 
and, depending on the polarity of the ESD voltage, dumps 
energy from the input signal line through the positive or neg- 
ative switch to ground. The return to ground for either ESD 
polarity is not limited by voltage supply definition, but may be 
to positive or negative supply lines, if this suits the needs of 
the application. When the energy is dissipated and forward 
Current no longer flows, the SCR automatically turns-OFF. 


POSITIVE 
PROTECTION Sg 


é 
‘ 
s 
é 
] 
‘ 
Re | 
8 , 
é 
6 
6 
6 
‘ 
6 


V 
Ro NEGATIVE “7, °S eeany 
ESD , PROTECTION 
ENERGY L 
SOURCE 


@eaeenvanvaaea2aaanaa2aan2aanvniies2eaeaena2eee2 


FIGURE 3. ESD AND TRANSIENT PROTECTION CIRCUIT 


Figure 4 shows the diagram of a positive and negative cell 
protection circuit as it applies to the SP720. The PNP and 
NPN transistor pairs are used as the equivalent SCR 
Structures. Protection in this structure allows forward turn- 
ON to go marginally above the +V supply to turn-ON the 
high-side SCR or marginally below the -V supply to turn-ON 
the low-side SCR. The signal line to the active device is 
protected in both directions and does not add series imped- 
ance to the signal input line. A shunt resistance is used to 
forward bias. the PNP device for turn-ON but is not directly 
connected to the signal line. As an on-chip protection cell, 
this structure may be next to the input pad of the active 
circuit; which is the best location for a protection device. 
However, for many applications, the technology of the active 
chip may not be compatible to structures of the type 
indicated in Figure 4. This is particularly true in the high 
speed CMOS where the substrates are commonly N type 
and connected to the positive supply of the chip. The protec- 
tion cell structure shown in Figure 4 is not required to be on 
the active chip because it does not sense series input 
current to the active device. The sense mechanism is 
voltage threshold referenced to the V+ and V- bias voltages. 


The cell structure of the SCR pair of Figure 4 are shown in 
the layout sketch and profile cutouts of Figure 5. It should be 
noted that the layout and profiles shown here are equivalent 
structures intended for tutorial information. The structures 
are shown on opposite sides of the ‘IN” chip bonding pad, as 
is the case for the SP720. As needed for a preferred layout, 
the structures are adjacent to the pad and as close to the 
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positive and negative supply lines as possible. The common +V 
and best choice for effective layout is to provide a ground EQUIVALENT 
ring (V-) around the chip and to layout with minimum dis- SCR CIRCUIT 
tance paths to the positive supply (V+). Inthe SP720 the Ve fm wwn ; 
line is common to the substrate and frame ground of the IC. SIGNAL ACTIVE 

INPUT CIRCUIT + 


The equivalent circuit diagram of the SP720 is shown in 
Figure 6. Each switch element is an equivalent SCR —-—_—_ HT bower wenn ne! 
structure where 14 positive and negative pairs as shown in 
Figure 4 are provided on a single chip. Each positive switch- 
ing structure has a threshold reference to the V+ terminal, 
plus one Vg¢ (based-to-emitter voltage equal:to one diode FIGURE 4. PROTECTION CELLS OF THE SP720 SCR ARRAY 


METAL CONTACT 
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FIGURE 5B. PROFILES OF THE HIGH AND LOW SIDE SP720 SCR PROTECTION PAIR (NOT TO SCALE) 


LOW SIDE LATCH PROTECTION STRUCTURE \N 
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forward voltage drop). Similarly, each negative switching pair 
is referenced to the V- terminal minus one Vpe. 


The internal protection cells of the SP720 are directly 
connect to the on-chip power supply line (+V) and the 
negative supply line (-V), which are substantial in surface 
metal content to provide low dropping resistance for the high 
peak currents encountered. Since both positive or negative 
transients can be expected, the SCR switches direct the 
positive voltage energy to V+ and the negative voltage 
sourced energy to V- (substrate) potential to provide fast 
turn-ON with low ON resistance to protect the active circuit. 


FIGURE 6. EQUIVALENT CIRCUIT DIAGRAM OF THE SP720 


The V+ and V- supply lines of the SP720 are not required to 
be the same as those of the circuit to be protected. However, 
over-voltage protection is referenced to the V+ and V- supply 
voltages for all of the signal input terminals, IN1-IN7 and 
IN9-IN15. The V+ and V- supply voltages to the SP720 may 
be changed to suite the needs of the circuit under protection. 
The range of voltage may be power supply levels ranging 
from 4.5V up to the 35V maximum rating of the SP720. 
Lower levels of voltage are possible but with some degrada- 
tion of the switching speed which is nominally 6ns. Also, the 
input capacitance which is nominally 3pF can be expected to 
increase. There is no significant quiescent current in the 
SP720 other than reverse diode junction current which 
nominally less than 50nA over the rated -40°C to +105°C 
operating temperature. At room temperatures, this may be 
as low as a few nanoamperes. Because of the low 
dissipation of the SP720, the chip temperature can be 
expected to be close to the environment of the physical 
location where it is applied to use. 


Protection Levels of the SP720 


For a given level of voltage or power, there is a defined 
degree of protection compatible to that need. For the SP720, 
the protection circuits are designed to clamp over-voltage 
within a range of peak current that will substantially improve 
the survival input expectancy of average monolithic silicon 
circuits used for small signal and digital processing applica- 
tions. Within itself, the SP720 should be expected to survival 
peak current and voltage surges within the maximum ratings 


defined in the data sheet. For voltage, the static DC and 
short duration transient capability is essentially the same. 
The process capability is typically better than 45 volts, 
allowing maximum continuous DC supply ratings to be 
conservatively rated at 35 volts. The current capability of any 
one SCR section is rated at 2A peak but is duration limited 
by the transient heating effect on the chip. As shown in 
Figure 7, the resistance of the SCR, when it is latched, is 
approximately 0.96Q and the SCR latch threshold has 1.08V 
of offset. For EOS, the peak dissipation can be calculated as 
follows: 


For: 2A Peak Current, Rp = 15002, 
Then: VIN(PK) = 1.08V (Offset) + (0.96Q x 2A) = 3V 
The peak dissipation is Pp = 3V x 2A = 6 Watts 

Ta = +25°C 

(SINGLE PULSED CURVE) 


EQUIV SERIES RESISTANCE 
IS EQUAL TO: 


Rg = 0.48V /0.5A = 0.962 


FORWARD SCR CURRENT - AMPS 


FORWARD SCR VOLTAGE - VOLTS 


FIGURE 7. SCR FORWARD CURRENT vs VOLTAGE 
CHARACTERISTICS 


While 2A through 1500 ohms is 3000V, which is not an 
exceptionally high ESD level of voltage, it does represent the 
EOS capability, provided the time duration for the 6 Watts of 
dissipation is limited to a few milliseconds. The dissipation of 
the 16 pin DIP and 16 pin SOIC packages are typically less 
than 1 Watt for steady state conditions. The thermal capacity 
of the chip will allow discharge levels several times higher 
than this because ESD normally has a much shorter dura- 
tion. The actual results for ESD tests on the SP720 as an 
isolated device are as follows: 


1. Human Body Model using a modified version of the Mil- 
Std-883, Method 3015.7; with V+ and V- grounded and 
ESD discharge applied to each individual IN pin - Passed 
all test levels from +9KV to t16KV (1KV steps). 


2. Human Body Model using the Mil-Std-883, Method 
3015.7 (with V- only grounded) and ESD discharge 
applied to each individual IN pin - Passed all test levels to 
t6KV, failed +7KV (1KV steps). 
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3. Machine Model using EIAJ 1C121 (Rp = 0Q); discharge 
applied to IN pins with all others grounded - Passed ail 
test levels to + 1KV, failed +1.2KV; (200V steps). 


4. While there are many potential uses for the SP720, the 
circuit of Figure 8 shows a normal configuration for 
protecting input lines to a sensitive digital IC. Each line is 
connected to an IN- Input of the SP720 in a shunt 
connection. As a test model a 2u digital ASIC CMOS IC 
was used to evaluate the ESD level of capability provided 
by the SP720. Without external protection, the ESD level 
of capability of the CMOS process was typically no better 
than +2.5KV. When the SP720 was applied to use as 
shown in Figure 8, the ESD resistance to damage was 
better than +10.2KV. (Higher levels were not evaluated at 
the time due to high voltage limitations.) 


INPUT 
DRIVERS 


OR 
SIGNAL 
SOURCES 


SP720 INPUT 
PROTECTION CIRCUIT 
(1 OF 14 ON CHIP) 


It should be noted that the Mil-Std-883, Method 3015.7 test 
allows for one pin as a reference when testing. While this 
cannot be disputed as handling limitation, it is not a test for 
all aspects of applied use. To properly apply the SP720 to 
use in the application specifically requires that the V- pin be 
connected to a negative supply or ground and the V+ pin be 
connected to a positive supply. The SP720 was designed to 
be used with the supply terminals bias and, as such, has 
better than t16KV of ESD capability. For this reason, the 
modified test method as described, with the V+ pin 
connected via a ground return, is correct when the circuit is 
assembled for use. 


FIGURE 8. PRACTICAL APPLICATION AND TEST EVALUATION CIRCUIT 
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SP720 CMOS Protection Model 


Where the need to provide ESD protection for CMOS circuits 
is the primary interest for the application of the SP720, inter- 
face characteristics of the device to be protected may lead to 
some specific problems. Application related issues and pre- 
cautions are discussed here to assist the circuit designer in 
achieving maximum success in EOS/ESD protection. 


CMOS Input Protection 


CMOS logic has limited on-chip protection and may contain 
circuit elements that add difficulty to the task of providing 
external protection. Consider the case where the input struc- 
ture of a CMOS device has on-chip protection but only to the 
extent that it will withstand Human Body Model minimum 
requirement for ESD when tested under the Mil-Std-883 
Method 3015.7. This is normally t2KV where the charged 
capacitor is 100pF and the series resistor to the device 
under test is 1500Q. The circuit of Figure 9 shows the typical 
network for an HC logic circuit where the — polysilicon 
resistor, Rp is typically 120Q. 


When there is a surge or ESD voltage applied to the input 
structure, the diodes shunt current to Voc or GND to protect 
the logic circuits on the chip. The on-chip series resistors 
limit peak currents. If there is a positive transient voltage, 
Ves(t), applied to the input of the CMOS device, the diode, 
D, will conduct when the forward voltage threshold exceeds 
the power supply voltage, Voc plus the forward diode voltage 
drop of D,, Vewp;. As the voltage at the input is further 
increased, the CMOS current, Ics is shunted through Rp and 
D, to Vcc such that the transient input voltage is 


(1) Veslt) = Ieg(t}’"Rp + Vewo1 +Vcc [for Pos. Ves((t)] 
or 

(1a) — Ieg(t) = [Ves(t) - (Vewn1 +Vcc)V/Rp 

Similarly, when there is a negative transient, current initially 


conducts at the negative threshold of diode Dz, Vewpe to 
shunt negative current at the input, i.e. 


(2) — Veg(t) = Ieg(t}*Rp +Vewpe 
or 

(2a) —_Ieg(t) = [Ves(t) - Vewo2l/Rp 
While the circuit of Figure 9 is specifically that of the HC 
logic family (one cell of the Hex Inverter, 74HCU04), many 
CMOS devices have a similar or an equivalent internal pro- 
tection circuit. When compared to the SCR structure of the 
SP720, the on-chip diodes of the protection network in 
Figure 9 have lower conduction thresholds. 


[for Neg. Ves(t)] 
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FIGURE 9. TYPICAL CMOS IC INPUT PROTECTION CIRCUIT 
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FIGURE 10. SP720 SCR INTERFACE TO A CMOS INPUT WITH R, 
ADDED TO ILLUSTRATE MORE EFFECTIVE ESD 
PROTECTION FOR CMOS DEVICES 


SP720 to CMOS interface 


Figure 10 shows the SCR cell structures of one protection 
pair in the SP720. In this example, the V+ of the SP720 is 
connected to the Vcc logic supply and the V- is connected to 
logic GND. The IN terminal of the SP720 is connected to the 
CMOS logic device input through a resistor R;. When a neg- 
ative transient voltage is applied to the input circuit of Figure 
10, the Reverse SCR Protection Circuit turns on when volt- 
age reaches the forward threshold of the PNP device and 
Current conducts through the SCR resistor to forward bias 
the PNP transistor. The PNP device then supplies base cur- 
rent to forward bias and turn on the NPN device. Together, 
the PNP and NPN transistors form an SCR which is latched 
on to shunt transient current from IN to V-. The Forward 
SCR Protection Circuit has the same sequence for turn on 
when a positive transient voltage is applied to the input and 
conducts to shunt transient current from IN to V+ (Vcc). 


The Voltage-Current characteristic of the SCR is similar to a 
diode at low currents but changes to low saturated on resis- 
tance at high currents. As shown in the SP720 data sheet, 
the forward SCR (latched on) voltage is ~1V at 60mA which 
is ~0.2V higher than a typically junction diode. The fully satu- 
rated turn on approaches 0.5A at 1.5V. When the SCR is 
paralleled with the a CMOS device input having an on-chip 
protection circuit equivalent to Figure 9, some of the current 
necessary to latch the SCR is shunted into the CMOS input. 
For some devices this may be sufficient for an ESD dis- 
charge to damage the CMOS input structure before the 
SP720 is latched on. 


The trade-off for achieving a safe level of ESD protection is 
switching speed. The most effective method is the addition 
of the series resistor, R; as shown in Figure 10. The series 
input resistor, as shown, is a practical method to limit current 
into the CMOS chip during the latch turn on of the SP720 
SCR network. The value of R, is dependent on the safe level 
of current that would be allowed to flow into the CMOS input 
and the loss of switching speed that can be tolerated. The 
level of transient current, Ics that is shunted into the CMOS 
device is determined by the series resistor, R, and the volt- 
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age developed across the CMOS protection devices, Rp and 
D, or Do, plus some contribution from the path of diode, D, 
for negative transients. 


As shown in Figure 11, the voltage across the SP720 SCR 
element is determined by its turn on threshold, Vy, and the 
saturated resistance, Rg when latched. The empirically 
derived equation for the voltage drop across the SP720 volt- 
age is 


(3) Vsp(t) = Isp(t)*Rg + VtH 
or 
(3a) Isp(t) = [Vsp(t) - VrH/(Rs) 


where Vry ~ +1.1V and Rg ~ 12. 


SINGLE PULSE 


SCR LATCHED ON 
RESISTANCE, Rg 


Rg = (Vewp/ wp) ~ 12 


EFFECTIVE SCR 
TURN ON THRESHOLD 
Vay ~ 1.1V 


FORWARD SCR CURRENT (A) 


0 1 2 3 
FORWARD SCR VOLTAGE DROP (V) 
FIGURE 11. FORWARD TURN ON CHARACTERISTIC OF AN 
SP720 SCR CELL 


where current conduction in the SP720 may be positive or 
negative, depending on the polarity of the transient. For the 
circuit of Figure 10, Vg(t) is also the input voltage to the 
resistor, R, in series to the input of the CMOS device. When 
latched on, the impedance of the SP720 is much less than 
the input impedance of either R; or the CMOS input protec- 
tion circuit. Therefore, the CMOS loop current can be deter- 
mined by the voltage, Vs(t) and the known conditions from 
equation (3). 


For a negative transient input to the CMOS HCU04, the 
loop equation is 


(4) V(t) = Icg(t)*(Ry + Rp) + Vewne 
or 
(4a) Iog(t) = [Vs(t) - Vewpa2l/(R; + Rp) 


An equation solution for an input transient may be more 
directly solved by empirical methods because of the non-lin- 
ear characteristics. Given a transient voltage, Vs(t) at the 
input, a value for R,; can be determined for a safe level of 
peak current into a CMOS device. The input Voltage-Current 
characteristic of CMOS device should be known. As a first 
order approximation, the CMOS V-I curve tracer input char- 
acteristics of the 74HCU04 are shown in Figure 12. As indi- 
cated in Figure 12, the voltage drop across Rp and R, in 


series (Rp~120Q) will be significantly larger than the delta 
Changes in the forward voltage drop of the D, or Dz diodes 
over a wide range of current. As such, we can effectively 
assume Vewp ~ 0.75V for moderate levels of current. 
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FIGURE 12. FORWARD AND REVERSE PROTECTION CIRCUIT 
INPUT VOLTAGE-CURRENT CHARACTERISTIC 
OF THE HCU04 SHOWN FOR Vcc = 5V, 
(i.e. D, THD ~ 5V + 0.7V) 


Example Transient Solution 


Based on the circuit of Figure 10, negative and positive ESD 
discharge circuit models of the SP720 and HCU04 are shown 
in Figure 13A and 13B. The negative ESD voltage is taken as 
the worse case condition because a positive ESD voltage will 
discharge to the Voc power supply and the positive offset 
voltage will reduce the forward current. Using the negative 
model, a peak current value for Isp can be determined by the 
transient conditions of the applied voltage, Vs(t) at the input. 
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FIGURE 13A. NEGATIVE ESD DISCHARGE MODEL 
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FIGURE 13B. POSITIVE ESD DISCHARGE MODEL 


Given Mil-Std ESD HBM test conditions (Cp = 100pF and Rp 
= 1500Q), equation (3) with the resistors Rp and Rg in 
series, we can calculate the peak current for a specified volt- 
age, Vp on the capacitor, Cp. 


(5) Isp(t) = [Vp(t) - VrHV(Rp + Rg) ~ Vplt)/Rp 

Here, Vp replaces Vs as the driving voltage; and assumes that 
(1) Rg is much less than Rp; (2) Rg is much less than (Rj+Rp); 
and (3) Vy, is much less than Vp. This may or may not be the 
general case but is true for the values indicated here. As such, 


[Ispheo ~ Vp/1500. 


Given an ESD discharge of -15KV, neglecting inductive 
effects and distributed capacitance, the peak current at time 
t = 0 will be ~10A. And, with the SP720 latched on as shown 
in Equation (3), the 10A peak current will result in an ESD 
pulse at the input of the SP720 of ~11V. For the HCU04 to 
withstand this surge of voltage, it is required that the drop- 
ping resistor, R, attenuate the peak voltage, Vcs at the 
HCU04 input to within acceptable ratings. 


The negative reverse current path is through Rj, Rp and Dz; 
where Rp and Dz are part of the HCU04. For a negative ESD 
discharge voltage, Vp from capacitor Cp, the equation for the 
peak voltage, Vcs at the input to the HCU04 is derived as fol- 
lows: 

Substituting Equation (5) into Equation (3), we have 


(6) Vs ~ (Vp/Rp)*Rs- 1.1 

and from equation (2) and (4a), a general soiution for the 
Veg voltage is 

(7) Ves = [(Vs - Vewpa2)/(Ri + Rp)}*Rp + Vewpe 


For a simpler approach, one can work backwards to arrive at 
the correct solution. The reverse CMOS voltage vs current 
curve of Figure 11 indicates that a peak voltage, Vcs of -3V 
will produce a negative current of approximately -20mA 
which is the rated absolute maximum limit. For a -15KV ESD 
discharge and from Equation (6), the peak voltage, Vs is 


Vg = (Vp/Rp)*Rg - 1.1 = (-15/1500)-1.1 = -11.1V 
The peak current, Ics from equation (4a) is 
Ics = [(Vs - Vewpa2)/(R) + Rp)] 
= [(-11.1 -(-0.7))/(R, + 120Q) 


Given the Icg current of -20mA and solving for R,, 
R, = 397.5 


The same result can be derived from equation (7) but is 
more susceptible to rounding errors and the assumed volt- 
age drop of Vewp2 due to the (Vcs - Vewp2) difference that 
appears in the equation. 


The approximation solution given here is based on a t20mA 
current rating for the HCU04 device; although, input voltage 
ratings are exceeded at this level of current. As such, the 
solution is intended to apply only to short duration pulse con- 
ditions similar to the Mil-Std-883, Method 3015.7 specifica- 
tions for ESD discharge conditions. For long periods of 
sustained dissipation, the SP720 is limited by the rated 
capability of its package. 
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0.7 
-0.6 
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SP720 REVERSE CURRENT (A) 
HCU04 REVERSE CURRENT (mA) 


0 -0.4 


-0.8 
REVERSE VOLTAGE (Vs) TO THE SP720/HCU04 INPUT (V) 


-1.2 -1.6 -2.0 


FIGURE 14. MEASURED REVERSE CURRENT vs VOLTAGE 
CHARACTERISTIC OF THE SP720/HCU04 FOR 
THE FIGURE 10 CIRCUIT PROTECTION MODE 


Figure 14 shows the distribution of currents for the circuit of 
Figure 10 given a specific value of R;. Curves are shown for 
both Is (HCU04 + SP720) and Isp (SP720) versus a negative 
input voltage, Vs. The resistor, R; value of 10Q is used here 
primarily to sense the current flow into the HCU04. (This 
data was taken with the unused inputs to the HCU04 con- 
nected to ground and the unused inputs to the SP720 biased 
to Vc-/2 on a resistive divider.) The Figure 14 curves verify 
the model condition of Figure 13A with the exception that 
resistive heating at higher currents increases the resistance 
in the latched on SCR. This curve explains the ESD protec- 
tion of the Harris High Speed Logic “HC” family and, in par- 
ticular, demonstrates the value of the Rp internal resistor as 
protection for the HCU04 gate input. Added series resis- 
tance external to a signal input is always recommended for 
maximum ESD protection. 


Range of Capability 


While the SP720 has substantially greater ESD self protection 
Capability than small signal or logics circuits such as the 
HCU04, it should be understood that it is not intended for 
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interface protection beyond the limits implied in the data sheet 
or the application note. The Mil-Std-883, Method 3015.7 con- 
dition noted here defines a human body model of 100pF and 
1500Q where the capacitor is charged to a specified level and 
discharged through the series resistor into the circuit being 
tested. The capability of the SP720 under this condition has 
been noted as +15KV. And, for a machine model where no 
resistance is specified, a 200pF capacitor is discharged into 
the input under test. For the machine model the level of capa- 
bility is t+1KV; again demonstrating that the series resistor 
used in the test or as part of the application circuit has pro- 
nounced effect for improving the level of ESD protection. 


While a series resistor at the input to a signal device can 
greatly extend the level of ESD protection, a circuit applica- 
tion, for speed or other restrictions, may not be tolerant to 
added series resistance. However, even a few ohms of resis- 
tance can substantially improve ESD protection levels. Where 
an ESD sensitive signal device to be protected has no internal 
input series resistance and interfaces to a potentially damag- 
ing environment, added resistance between the SP720 and 
the device is essential for added ESD protection. Circuits 
often contain substrate or pocket diodes at the input to GND 
or Vcc. and will shunt very high peak currents during an ESD 
discharge. For example, if the HCU04 of Figure 14 is replaced 
with device having a protection diode to ground and no series 
resistor, the anticipated increase in input current is 10 times. 


Shunt capacitance is sometimes added to a signal input for 
added ESD protection but, for practical values of capacitance, 
is much less effective in suppressing transients. For most 
applications, added series resistance can substantially 
improve ESD transient protection with less signal degradation. 


A further concern for devices to be protected is forward or 
reverse conduction thresholds within the power supply range 
(not uncommon in analog circuits). Depending on the cost 
considerations, the power supply V+ and V- levels for the 
SP720 could be adjusted to match specific requirements. 
This may not be practical unless the levels are also common 
to an existing power supply. The solution of this problem 
goes beyond added series resistance for improved protec- 
tion. Each case must be treated with respect to the precise 
V-1 input characteristics of the device to be protected. 


Interface and Power Supply Switching 


Where separate system components with different power 
supplies are used for the source signal output and the 
receiving signal input, additional interface protection circuitry 
maybe needed. The SP720 would normally have the same 
power supply levels as the receiving (input) device it is 
intended to protect. When the SP720 with its receiving inter- 
face circuit is powered off, a remote source signal may be 
activated from a separate supply (i.e., remote bus connected 
systems). The user should be aware that the SP720 remains 
active when powered down and may conduct current from 
the IN input to the V+ (or V-) supply. 


Within its own structure, any IN input of the SP720 will for- 
ward conduct to V+ when the input voltage increases to a 
level greater than a Vee threshold above the V+ supply. Sim- 
ilarly, the SP720 will reverse conduct to V- when the input 
voltage decreases to a level less than a Vee threshold below 
the V- supply. Either condition will exist as the V+ or V- level 
changes and will continue to exist as the V+ collapses to 
ground (or V-) when the SP720 supply is switched off. If a 
transient or power surge is provided from the source input to 
the IN terminal of the SP720, after the V+ has been switched 
off, forward current will be conducted to the V+/Vcc power 
supply line. Without a power supply to clamp or limit the ris- 
ing voltage, a power surge on the input line may damage 
other signal devices common to the Voc power supply. 
Bypassing the Vcc line may not be adequate to protect for 
large energy surges. The best choice for protection against 
this type of damage is to add a zener diode clamp to the Voc 
line. The zener voltage level should be greater than Voc but 
within the absolute maximum ratings of all devices powered 
from the Voc supply line. 


Power Supply Off Protection, Rise/Fall Speed 


To illustrate the active switching of the SP720 and the speed 
of the SCR for both turn on and turn off, oscilloscope traces 
were taken for the circuit conditions of Figure 15. A pulse input 
signal is applied with NO supply voltage applied to the SP720. 
Figure 15 shows the positive and negative pulse conditions to 
V+ and V- respectively. The trace scales for Figure 15 are 
10ns/division horizontal and 1V/division vertical. Input and 
output pulses are shown on each trace with the smaller pulse 
being the output. The smaller output trace is due to an offset 
resulting from the voltage dropped across the SCR in forward 
conduction. The OUT+ and OUT- pulses quickly respond to 
the rising edge of the input pulse, following within ~2ns delay 
from the start of the IN pulse and tracking the input signal. The 
output falls with approximately the same delay. 
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PROTECTION CIRCUIT 
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REVERSE SCR CELL 
PROTECTION CIRCUIT 


SEPA PP@PA@AAPAAAAAAAAAAAPAAAAL“AD 


Seeeseeeee2eaa 


NEGATIVE/REVERSE CONDUCTION 
HIGH SPEED ON/OFF PULSE (OUT-) 


FIGURE 15. SP720 CIRCUIT WITH NO POWER SUPPLY INPUT PULSE TEST WITH 50Q, (OV TO +5V) INPUT. THE TRACE SCALES 
FOR OUT+ AND OUT- ARE 1V/DIV VERTICAL AND 10ns/DIV HORIZONTAL 
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No. AN9323.1 April 1994 


HIP5061 HIGH EFFICIENCY, HIGH PERFORMANCE, 
HIGH POWER CONVERTER 


Authors: Charles Hawkes, Tom Jochum and Hal Wittlinger 


Harris Intelligent Power 


Introduction 


As the complexity of sophisticated, modern day equipment 
grows, the need for high efficiency, high performance and 
high power converters continues to expand. Demand for 
smaller, lighter, more efficient supplies for this equipment is 
addressed by the HIP5061. The HIP5061 contains a 60V, 5A 
(7A minimum at <30% duty cycle, 5A at DC) DMOS power 
transistor with an fpson) Of approximately 0.18Q. This low 
Tps(oNn) Of the switching device permits high rms currents 
without excessive device dissipation. The IC is housed in a 7 
lead, TO220 style package. By including a DMOS power 
transistor with its associated driver and the current-mode 
PWM control circuitry within a single package, simplification 
and improved performance of many power supply systems 
can be achieved. This note explains the operation and 
proper application of the HIP5061 so that this high perfor- 
mance device can be utilized. A 50W, 28V boost converter 
will be presented to demonstrate a typical application of the 
IC. Supplies using an external high voltage, power MOSFET 
transistor in a cascode configuration with the internal DMOS 
transistor can have higher power outputs, many in excess of 
200W. 


UNDER 
VOLTAGE 


Operation in a Typical Application Circuit 


Figure 1 shows a Simplified Block Diagram of the HIP5061 
in a typical Boost converter. A resistor connected from the 
Vin Supply to the Vpp terminal of the IC powers the internal 
14V shunt regulator. The Gate Driver supply is decoupled 
from the main supply by a small external resistor connected 
between Vpp and the Vg terminal. A bypass capacitor is 
connected between the Vpp terminal and ground to reduce 
coupling between analog and digital circuitry. A Schottky 
diode insures efficient energy transfer from the DMOS drain 
Circuit inductor to the load. To set the output voltage, two 
resistors are used to scale the output supply voltage down to 
the 5.1V internal reference. 


The heart of the IC is the high current DMOS power 
transistor with its associated gate driver and high-speed 
peak current control loop. A portion of the converter’s DC 
output is applied to a transconductance error amplifier that 
compares the fed back signal with the internal 5.1V 
reference. The output of this amplifier is brought out at the 
Vc terminal to provide for soft start and frequency 


FIGURE 1. SIMPLIFIED BLOCK DIAGRAM OF THE HIP5061 IN A TYPICAL “BOOST” CONFIGURATION 


Copyright © Harris Corporation 1994 
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FIGURE 2. FUNCIONAL BLOCK DIAGRAM OF THE HIP5061 


compensation of the control loop. This same signal is also 
applied internally to program the peak DMOS transistor drain 
current. To assure precise current control, the response time 
of this peak current control loop is less than 50ns. 


A 2MHz internal clock provides all the timing signals for the 
converter operating at 250kHz. A slope compensation circuit 
is also incorporated within the converter IC to eliminate sub- 
harmonic oscillation that occurs in continuous-current mode 
converters operating with duty cycles greater than 50%. 


HIP5061 Description of Operation 


Figure 2 shows a more detailed Functional Block Diagram of 
the HIP5061. An internal 14V shunt regulator in conjunction 
with an external series resistor provides internal operating 
voltage to the IC in applications where no 12V auxiliary 
supply is available. Note that in applications where the input 
voltage at Vpp is 12V, +10%, the regulator is not used. This 
regulator is shown as a zener diode on the diagrams of 
Figure 1 and Figure 2. 


The 2MHz clock is processed in the Control Logic block to 
provide various timing signals. A cycle of operation begins 
when a 100ns pulse (which occurs at a 4s interval) triggers 
the latch that initiates the DMOS transistor on-time. This 
pulse also provides a blanking interval in the Current Moni- 
toring block to eliminate false turn-offs caused by high tran- 
sient pulse currents that occur during turn-on. The output of 
the Current Ramp block is summed with the sensed DMOS 
transistor current (to provide slope compensation) before 
being compared with the Error Current signal. The current 
ramp, -0.45A/s, is inhibited for the first 1.5s (37.5%) of the 
duty cycle by the Ramp Enable signal, since ramp is not 


needed for slope compensation during this interval. Inhibit- 
ing of the compensating ramp has the effect of reducing the 
peak short-circuit current. 


The output of the power supply is divided down and moni- 
tored at the FB terminal. A transconductance error amplifier 
compares the dc level of the fed back voltage with an inter- 
nal bandgap reference, while providing voltage loop com- 
pensation by means of external resistors and capacitors. 
The Error Amplifier output (the error voltage) is then con- 
verted into a current (the Error Current) that is used to pro- 
gram the required peak DMOS transistor current that 
produces the desired output voltage. When the sum of the 
sensed DMOS transistor current and the compensating Cur- 
rent Ramp exceed the Error Current signal, the latch is reset 
and the DMOS transistor is turned off. Current comparison 
around this loop takes place in less than 50ns, allowing for 
excellent 250kHz converter operation. The latch can also be 
reset by an under-voltage (Vpp < 10.3V typical), over-tem- 
perature (T) > +125°C typical) or a shutdown signal exter- 
nally applied at the Vc terminal, see Figure 5. 


Note that if the error voltage (at the Vc pin) is less that 2.55V, 
then the output of the Voltage-to-Current Converter will be 
held at zero. This condition will produce the minimum possi- 
ble pulse width, typically 150ns (100ns blanking pulse plus 
50ns delay). Error voltages lower than this 2.55V level will 
not produce shorter pulse widths. Under very light loads 
(when Vo goes below 1.5V), the Enable Comparator will 
temporarily hold-off the PWM latch (and the DMOS transis- 
tor) until the Vc voltage rises above 1.5V. This low V¢ inhibit 
Circuit results in a burst-mode of operation that maintains 
regulation under light or no loads. 
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During an over-current condition, the output of the Error 
Amplifier will attempt to exceed the 7.0V threshold. At this 
point, the Short-Circuit Comparator will pull down on this 
signal and induce a low-level oscillation about the threshold, 
serving to clamp the peak error voltage. This clamping 
action, in turn, will limit the peak current in the DMOS 
transistor, reducing the duty ratio of the switch as the 
demand for current continues to increase. This action, in 
conjunction with the Thermal Monitor, serves to protect the 
IC from over-current (short-circuit) conditions. 


Using the Transconductance Error Amplifier 


A transconductance amplifier with a typical g,, of 30mS is 
used as the input gain stage where the power supply output 
voltage is compared with the internally generated 5.1V 
reference voltage. A PNP transistor input structure allows 
this amplifier to accommodate large negative going transient 
voltages without causing amplifier phase reversal, often 
associated with PNP input structures. Negative transients up 
to 5V applied to the input through at least 5.1K will not result 
in phase reversal. The amplifier output stage has the 
customary drain to drain output to help improve the output 
impedance, ideally infinity. The amplifier gain is typically 
50dB and is not significantly altered when operating into the 
stages that follow within the IC. To minimize the output stage 
idling current, while providing high peak currents to insure 
rapid response to load and input transients, a class B type of 
output stage was used in the amplifier. Placing a 100k 
resistor from the amplifier output terminal, Vc, to ground will 
bias the output stage to an active state and still minimize 
power consumption. In all cases, the resistor shunting the 
transconductance amplifier output must be greater than 
10kQ to insure that the output will rise sufficiently high to 
obtain the maximum DMOS transistor drain current. 


Start-Up Sequence 


Upon initial power up of the HIP5061 in a typical application 
circuit, the voltage at Vc will be zero, and the DMOS 
transistor will be off. When the voltage at Vpp rises above 
the 10.3V typical threshold, the error amplifier output is 
enabled and the Vc voltage begins to rise in response to the 
low voltage at the FB terminal. When the Vc voltage rises 
above 1.5V the DMOS transistor begins to switch at the 
minimum duty cycle, and when it rises above 2.55V the duty 
cycle begins to increase. The Vc voltage (and peak DMOS 
transistor current) will then continue to rise until the voltage 
loop gains control and establishes regulation. Note that the 
rate of rise in the Vc voltage can be controlled by an external 
soft start circuit (See Soft Start Implementation). 


If the Vc voltage is unrestricted in its rate of rise, then it will 
typically rise quickly to its maximum (peak current) value, 
causing the DMOS transistor to turn-on and stay on until it 
reaches the peak current value. At this point, the DMOS 
transistor begins switching, and the Vc voltage (and peak 
DMOS transistor current) will drop down to the level 
commanded by the voltage loop. 


Using the Shunt Regulator 


The internal 14V shunt regulator in conjunction with an 
external series resistor allows the IC to operate from quite 


high input voltages, limited only by power dissipation in the 
external resistor. When only higher voltages are available, a 
bootstrap or other 12V auxiliary supply can be used to 
eliminate this dissipation. The series resistor should be 
chosen to be as large as possible to reduce power 
dissipation at high line, while ensuring adequate Vpp voltage 
at low line. The maximum value for this resistor, R, is given 
by: 


Where V, is the input voltage to the power supply. The value 
chosen for this resistor must also result in a current, |, into 
the Vpp clamp that is less than 105mA when the input 
voltage is at its maximum: 
| (A) = ~ 
MAX 

RMAX 


inductor Selection 


The selection of the energy storage inductor(s) Leto, for a 
DC to DC converter has tremendous influence on the 
behavior of the converter. It is particularly important in light of 
the high level of integration (and necessarily few degrees of 
freedom) achieved in the HIP5061. There are several factors 
influencing the selection of this inductor. First, the 
inductance of Lstor will determine the basic mode of 
operation for the converter: continuous or discontinuous 
current. In order to maximize the output power for the given 
maximum controllable DMOS transistor current, a converter 
may be designed to operate in continuous current mode 
(CCM). However, this tends to require a larger inductor, and 
for many converter topologies results in a feedback loop that 
is difficult to stabilize. For these and other reasons, the 
inductor LstoR May be chosen so as to operate the 
converter in discontinuous current mode (DCM). The relative 
merits of CCM and DCM operation for various topologies 
and the corresponding selection of Lstor is well 
documented and will not be covered here. 


A second factor influencing the selection of Lstor is the 
stability requirement for current-mode control. This 
constraint is only applicable for converters operating in 
CCM, since open-loop instabilities of this type are not 
observed in converters operating in DCM. For marginal sta- 
bility, the compensating ramp (internal to the HIP5061) must 
have a slope that is greater than one-half the difference 
between the inductor current’s down slope and up slope. (To 
ensure stability for duty ratios D > 0.8, the slope of the com- 
pensating ramp should be equal to the inductor current 
downslope.) A generally accepted goal is to set the slope of 
the compensating ramp to be at least one-half of the inductor 
current down slope. Since there is no external control over 
the internal compensating ramp, one must be sure that the 
inductor is large enough so that the down slope of the 
inductor current is not too large. Table 1 summarizes this 
requirement for minimum inductance for several common 
topologies. 
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TABLE 1. MINIMUM INDUCTANCE FOR STABLE CCM 
OPERATION ABOVE 50% DUTY CYCLE 


SEPIC' 


Boost 
Flyback 


' Assumes that L1 and L2 are both in CCM. 


NOTE: 


L = Inductance in Henrys, V. = Output Voltage, 
Vp = Diode Voltage Drop, V, = Input Voltage, 
Ma win = (Al/At) ay = 0.45A/ps 

L, = Drain Inductor, L, = Secondary Inductor, 
Np = Primary Turns, Ng = Secondary Turns 


Vo+Yp- Vi, MIN 
2Mp MIN 


: >the 
P™ (Ng 2M MIN 


A third constraint on the size of the inductor is one that is 
common among current-mode controlled PWM converters, 
and applies to both DCM and CCM operation. The stable 
generation of the desired DMOS transistor pulse width 
depends on the accurate comparison of the error signal and 
the peak Lstor (DMOS) transistor drain current. Thus, as 
the peak Lsjor ripple current becomes smaller, immunity 
from noise on the error signal is eventually reduced until the 
pulse width can no longer be adequately controlled. For the 
HIP5061, the inductor current ripple must be at least 200mA 
peak to peak to ensure proper control of the DMOS 
transistor current. This effectively establishes a maximum 
value for the inductor Lstor, SO as to maintain at least 
200mA of ripple. Note that under extremely light or no load 
conditions, all converters will eventually operate in DCM, and 
the 200mA requirement will eventually be violated. Under 
these conditions, the HIP5061 will continue to regulate, 
although the switching of the DMOS transistor will be in a 
burst-mode, controlled by the Light Load Comparator. (See 
Figure 2.) 


DMOS Transistor Turn-Off Snubber 


In order to reduce dissipation in the DMOS transistor due to 
turn-off losses, the turn-off time has been minimized. How- 
ever, the rapid reduction of current that occurs in the drain of 


the DMOS transistor can result in large transient voltages 
being induced across any parasitic inductance in the drain 
path. For this reason, it is important that such parasitic 
inductance be reduced by good, high frequency layout 
practices. Nevertheless, there are many instances (e.g., 
transformer isolated topologies) in which voltages in excess 
of 60V may be developed at the DMOS transistor drain. In 
some cases, a simple R-C snubber may be added to reduce 
the overshoot of the drain voltage to a safe level. 


It is also possible that the large amount of ringing that can 
occur at the DMOS transistor drain at turn-off will induce 
noise in the IC. This noise may result in false triggering of 
the PWM latch, particularly at high peak DMOS transistor 
drain currents. Noise related instability can also be 
eliminated by the addition of a snubber, which will rapidly 
damp out such turn-off ringing. Good layout practices will 
reduce the need for such protective measures, and ensure 
that the DMOS transistor is not overstressed. 


Under-Voitage Lockout 


The Vpp input voltage is monitored by a comparator that 
holds off the DMOS transistor gate drive signal when the 
Vpp voltage is less that about 10.3V. The typical 0.5V hyster- 
esis of this comparator is intended to reduce oscillation 
when the voltage at Vpp is in the vicinity of 10V. Note, 
however, that when an external series resistor is used to 
feed the shunt regulator, the voltage drop across this resistor 
(which sharply decreases when the IC shuts down), effec- 
tively reduces the hysteresis. To reduce the tendency for 
oscillation in the vicinity of the 10V threshold, the impedance 
of the source that feeds the DC to DC converter input should 
be minimized. The addition of a capacitor (1pF - 47yF) at the 
Vpp terminal can also help to provide smooth turn-on or 
turn-off of the converter if the input supply rises or falls 
gradually through the Vpp Comparator threshold. 


Peak Controllable DMOS Transistor Current 


Figure 3 shows the guaranteed minimum, peak controllable 
DMOS transistor current versus duty cycle. This peak 
current value is established by the current limit circuitry, 
which effectively clamps the voltage at V¢ (the error voltage) 
to perform current limiting. Since the sensed DMOS transis- 
tor current is summed with a compensating current ramp 
that begins its rise 1.5s after the initiation of a cycle, current 
limiting will begin to occur at a peak DMOS transistor current 
that varies with the operating duty cycle. The highest current 
limit threshold occurs for D < 0.375, where no ramp is added 
to the sensed DMOS transistor current. At higher operating 
duty ratios, the onset of current limit will occur at increasingly 
lower currents, due to the effect of adding the compensating 
ramp to the sensed current. Note that this curve represents 
guaranteed minimum values. The guaranteed maximum 
values are considerably higher, although they are still limited 
to levels that protect the IC. 


When the DMOS transistor first turns ON there may be 
substantial current spikes exceeding the normal maximum 
peak current established by the current control stages within 
the IC. To prevent these spurious spikes from conveying 
erroneous information to the Current Comparator, a 100ns 


11-234 


Application Note 9323 


blanking signal is applied to the current monitoring circuitry. 
Thus, there is no peak current protection during the first 6% 
of the duty cycle (see Figure 3). 
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DUTY CYCLE 


FIGURE 3. PEAK DMOS TRANSISTOR DRAIN CURRENT vs 
DUTY CYCLE 


DMOS Transistor Turn-On Noise 


Although the large DMOS transistor turn-on current spikes 
are “blanked over” by the control circuit, it is important to 
minimize these current spikes, since they often result in 
voltage spikes considerably below the device substrate that 
can activate parasitic devices within the IC. Such activation 
of parasitic devices will often result in improper operation of 
the IC. An external terminal labeled Vg brings out the power 
supply to the gate drive circuitry. This allows for the control of 
the peak current delivered to the gate of the DMOS 
transistor, which in turn establishes the turn-on speed. The 
Vg pin may be externally bypassed for the fastest possible 
turn-on, or series resistance may be added with no bypass- 
ing capacitor to slow down the turn-on of the DMOS 
transistor. Depending upon the actual layout of the supply, it 
is generally recommended that a series resistor be added 
(102 - 150Q) so that the DMOS transistor turn-on speed is 
reduced. By properly adjusting the turn-on speed, under- 
shoot can be avoided while turn-on switching losses are kept 
to a minimum. 


Soft Start Implementation 


It is often desirable to allow the regulator to start up slowly, 
Figure 4 shows one means of implementing this action. The 
normally high output current from the HIP5061 transconduc- 
tance amplifier (when Veg = O and Vpgr = 5.1V) is directed 
to an external capacitor through a diode. This slows down 
the rate of rise of the voltage at the Vc terminal. After the 
regulator starts, the external capacitor is charged to Vpp and 
is effectively removed from the frequency compensation 
network by a reverse biased diode. To ensure rapid recycling 
of the capacitor voltage with removal of power, a diode is 
placed across the 100kQ resistor. 


The DC to DC converter may be shut down by returning the 
Vc output terminal to ground. A sinking current greater than 
4mA will insure that this output is pulled to ground. It must be 


remembered that once switching operation ceases, the drain 
of the DMOS transistor is open. When the supply is in the 
Boost configuration, the output voltage is not zero but the 
input voltage minus diode and inductor voltage drops. If the 
SEPIC topology is used, this is not the case. Shutting down 
the regulator via the Vc terminal will cut off the output. Figure 
5 shows two methods of shutting down the IC. In each case 
the current sinking circuit must be able to sink at least 4mA, 
the maximum current from the HIP5061 V¢ terminal. 


GATE DRIVER 
AND CONTROL 
CIRCUITRY 


Gnp HIP5061 


SOURCE 


TYPICAL FREQUENCY 
COMPENSATION NETWORK 


FIGURE 4. SOFT START CIRCUIT FOR THE HIP5061 
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NOTE: Frequency Compensation Network Not Shown 


FIGURE 5. TWO METHODS OF SHUTTING DOWN THE HIP5061 
Mounting, Layout and Component Selection 


The TO220 package with its gullwing leads was designed to 
be surface mounted. To aid in the external reduction of lead 
length and hence inductance and resistance, the IC leads 
were staggered. To keep the inductance and resistance of 
the critical drain terminal as low as possible, it is suggested 
that the PC trace to the DMOS transistor drain terminal be 
made as wide as possible. The adjacent source terminal is 
not recommended to be used and therefore allows the metal 
to the drain terminal to be widened beyond the normal 
widths for these terminals. Figure 6 illustrates these points. 
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IC SOLDERED 


TO PC BOARD Vq PC METAL 


Z Vop PC METAL 


oan 


WIDER 
DRAIN 

PC METAL 
ati ¥ FOR LOWER 
INDUCTANCE 
HIP5061 


NORMAL 
PC METAL 
FOR FB 
AND V, 


~<—— GROUND PC 
METAL 


FIGURE 6. SHOWING WIDER PC BOARD METAL FOR 
CRITICAL LEADS 


One of the most important aspects to the proper application 
of this device is high frequency bypassing. In a Boost 
converter, for example, there should be a low-inductance 
interconnect from the DMOS transistor drain, through the 
Output diode and capacitors, and returning to the TAB 
(source) of the HIP5061. Inductance in this line results in 
large transient voltages on the DMOS transistor drain termi- 
nal which can result in voltages above the maximum DMOS 
transistor drain voltage rating. 


All the capacitors shown with values of 1pF or less are of the 
multilayer ceramic type with the X7R dielectric material. This 
material has a fairly flat voltage and temperature coefficient 
that assures that the capacitance remains comparatively 
constant at extreme operating temperatures and voltages. 
The multilayer construction allows for comparatively large 


GATE DRIVERS, 
CONTROL CIRCUITRY 
AND LOGIC 


(SOURCE) 


HIP5061 


PARTS LIST 
RA 20Q, 1W, Wirebound - Dale RWR81S20R0FR or Equivalent 
R1 10K,1% 
R2 2.2K, 1% 
R4 100K, 1/4W 
R5 10Q, 1/4W 
R11 7.5Q, 1/2W, Carbon - Allen Bradley EB75G5 


C1, C3, C4 and C11 
C5 and C12 
C9 and C10 
C13 
CRi1 


values with good volumetric efficiency and low inductance. 
Capacitors around the power input and output circuits should 
be returned to the device TAB via a low inductance ground 
plane. This TAB is internally connected to the DMOS 
transistor source. The schematic diagram of Figure 7 was 
drawn with the diagonal leads to show the critical paths for 
the various high frequency elements. These short 
interconnects assure the lowest inductance around the 
Output power circuit. 


Design of a 28V, 1.8A Boost Converter 


Figure 7 shows the schematic diagram and a parts list of a 
SOW supply designed with the HIP5061. Table 2 tabulates 
the performance of the power supply. 


TABLE 2. TYPICALLABORATORY PERFORMANCE OF 50W, 
28V/1.8A REGULATOR 


INDO VORAGS o.4n cere ceeo sb 408 boise RHR ees 11V to 16V 
Line FAGAN .cctccacs dense seed ediswnoes 12mV/V 
Output VONBIS ..50ccccrescsivaseasvexeneas 28.0V 
L6A0 MEGQUIBDON sis cccicccrisaveseveaw anus 64mV/A 
Obit AMO, Flovs cs xvas ccdscuweve ween was es 600mvV P-P 
(20MHz BW) 
Output Ripple, after Filter, FL................. 80mV P-P 
(20MHz BW) 
Eniciency, Vie V1V, We O IBA os cece eeescess 90% 

View 11V, $b = 1.BA wo. ccscccceens 89% 

View 16V, (Le O1GA 0c diccceeeuss 73% 

Ml = 9GV, Nee LGA ses eak waves ena 93% 


SOTO OOOO OO 


28V DC 


Paodenwanawes 


R2 
100K 2.21K,1% 


1pF, 50V, Ceramic - Murata Erie RPE113X7R105050V 
47uF, 50V, Alum - United Chemicon 515D476M050 
6.8uF, 50V, Ceramin - Mallory M60u6r8M50 

1nF, 100V, Ceramin - Kemet C322C102K1G5CA 
Schottky Diode - Motorola MBRD360 

L2 40H at 5A, Pulse Engineering PE - 53571 

L3 4H at 5.5A, Pulse Engineering PE - 53570 


FIGURE 7. HIP5061 50W, 28V BOOST REGULATOR SCHEMATIC AND PARTS LIST 
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inductor Selection 


In order to maximize the output power for the given maxi- 
mum controllable DMOS transistor current, this converter 
has been designed to operate in continuous current mode 
(CCM). In this mode, the inductor value will generally be 
large, resulting in a lower inductor ripple current and a lower 
peak DMOS current. To ensure that the converter operates 
in CCM over the usable range of input voltage and output 
current, the value of L2 must be greater than the “critical 
inductance,” given by: 


2 
VoYr Max Yot Ya - Yi max? Fs 


L = 
CRIT 
2P5 MIN ‘YotVp)? 


(28) (16) 2 (28+0.5-16)4x 10° 


2 (5.6) (2840.5) 
= 39H 


where Powin has been arbitrarily chosen as 5.6W, corre- 
sponding to an output current of 0.2A, and Vp is the forward 
voltage of CR1. Thus, for L2 > 39,1H, the converter will be in 
CCM for VI = 11V to 16V and IL = 0.2A to 1.8A. 


A second factor influencing the selection of L2 is the stability 
requirement for current-mode control. Using the above equa- 
tion for Lyn for the Boost converter: 


Yo*¥D~YiEMIN _ 


28+0.5-11 
L> 
RAMP, MIN 


= 19H 
2x (0.45 x 10°A/s) 


2xM 


Thus, L2 must be at least 19H to ensure good stability of 
the current loop, and a choice of L2 = 40H satisfies this 
requirement, while maintaining CCM operation over a wide 
load range. 


The chosen core material for L2 is Kool Mu ferrous alloy 
powder from Magnetics, Inc. This material was chosen 
because of its relatively low cost, while its losses due to AC 
flux are five to ten times less than conventional powdered iron. 


Loop Compensation 


The control to output transfer function for this current-mode 
boost converter has the following characteristics over the 
specified load and line conditions: 


D.C. Gain: 20dB - 40dB 

Pole at 88Hz - 880 Hz 

LHP Zero at 1MHz 

RHP Zero at 11.0kKHz - 110kHz 
Double Pole at 80kHz (from filter) 


To stabilize the voltage loop, it is necessary to establish the 
unity gain crossover frequency well below the RHP zero, 
since this zero introduces positive gain and negative phase. 
A crossover of 4kHz is fairly conservative, and is achieved by 
adding a ipF capacitor at the Vc pin, which provides near 
infinite DC gain, and about -5dB of gain at 4kHz. This results 
in a phase margin of about 15° at full load. Note that R4 is 
required for proper operation of the transconductance ampli- 


fier, since it is providing bias current for the output stage as 
discussed under Using the Transconductance Error 
Amplifier section. 


Output Filter Design 


Inductor L3 was chosen with C11 to provide at least 15db of 
ripple attenuation at the switching frequency. The corner 
frequency (80kHZz) of this filter is well above the crossover 
frequency of the voltage loop (4kHz), and has no effect on 
stability. This secondary LC filter was used to reduce output 
ripple instead of a lower-cost, high-value, low ESR aluminum 
electrolytic capacitor. This filter demonstrates the reduction 
in volume possible at this switching frequency. A lower cost 
solution could achieve the same output ripple by replacing 
C9,10,12 and L3 with one or two large capacitors (e.g., 
390uF, 50V, type 673D from United Chemicon). This change 
would also greatly improve load transient response, pro- 
vided that the loop compensation is appropriately adjusted. 
Note that in the circuit of Figure 7, capacitor C12 does not 
significantly affect output ripple, but is necessary to absorb 
the energy stored in L2 during severe load transients. In the 
event of a step change in load from 1.8A to 0A, C12 will limit 
the output voltage overshoot to about 10V and protect the 
drain of the DMOS transistor from overvoltage breakdown. 


Input and Vpp Filters 


Since the boost converter is current fed, input filtering is eas- 
ily achieved by the addition of a small capacitor, C4. This 
capacitor provides nearly 40db of ripple current attenuation 
for the input, reducing the AC ripple current flowing into the 
converter to less than 200mA. 


R5 and C3 have been chosen to provide good filtering of 
high frequency pulse currents. R5 provides isolation 
between the analog Vpp pin and the high pulse current Vg 
pin, and also provides a means to control the turn-on speed 
of the DMOS transistor by limiting the peak current available 
to the internal gate drive circuitry. Thus the output transition 
time may be increased to prevent drain voltage undershoot. 
Undershoot may result in activation of device parasitics and 
improper circuit operation. For the two-layer board used for 
this design, C3 could be reduced to 0.22uF without affecting 
circuit operation. C5 was added to provide low-frequency fil- 
tering at the Vpp pin. This reduces the tendency of the circuit 
to oscillate off and on when the voltage at the Vpp pin in the 
vicinity of the under voltage lockout threshold, typically 10V, 
and the output power is high (SOW - 50W). 


Shunt Regulator Resistor 


Resistor RA has been chosen to be as large as possible to 
reduce power dissipation at high line, while ensuring 
adequate Vpp voltage at low line. Note that the guaranteed 
range of input voltage for proper operation of this circuit is 
11.2V to 15.3V DC, based upon data sheet limits. However, 
the circuit was found to perform well at room temperature for 
VI = 10.7 to 17VDC. The maximum value for RA is 

- Vi MIN - 10.5 
MAX ~ 0.033 


RA has been chosen as 20Q, which results in a current into 


R = 210 
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the Vpp clamp that is less than 105mA when the input 
voltage is at its maximum: 


Snubber Network 


A snubber network has been added to reduce the ringing at 
the drain due to parasitic layout inductances. In particular, 
under severe load transient conditions, this snubber is 
necessary to protect the drain from voltage breakdown. A 
second benefit of reducing the noise and ringing at the drain 
is that it reduces the tendency of the HIP5061 to exhibit 
noise-related instabilities at high peak DMOS transistor 
currents (4A - 6A). A value of 1000pF was chosen for C13, 
since this is adequate to dampen the ringing associated with 
the 200pF drain capacitance of the DMOS transistor. R11 
was chosen as 7.5Q to provide the best possible dampening 
given the parasitic inductances that exist in the layout. Note 
that this snubber may not be necessary if the. layout of the 
circuit were improved, or if the application did not push the 
envelope of DMOS transistor current. 


Other Power Supply Topologies 


Figure 8 shows three other topologies besides the Boost that 
may be implemented with the grounded source DMOS 
power transistor used in the HIP5061. Other, more complex 
power supply topologies such as the Quadratic are also pos- 
sible to implement with the HIP5061. One noteworthy fea- 
ture of the Quadratic topology as shown in Figure 8 is the 
wide input to output voltage transfer ratio possible with rea- 
sonable duty cycles. This permits easier control at the 
extremes of the transfer ratio. Compensating the control loop 
can pose challenges because of the wider changes in the 
transfer ratio and hence loop gain. 


The SEPIC topology''':'5] does not have quite as wide input- 
output voltage range with reasonably controlled duty cycles 
as the Quadratic converter mentioned above, but it does 
allow both voltage increase and decrease with the same cir- 
Cuit. This is particularly advantageous when a power supply 
is being used in the stabilizing mode and isolation is not 
required. For example, in an application where a regulated 
24V output is required and the input voltage varies +20% 
from a nominal 24V. The SEPIC supply can provide both the 
Boost and Buck functions. 


Another outstanding advantage of the SEPIC topology is 
its fault isolation of the input and output voltage. All energy 
is transferred via the coupling capacitor. Moreover if the 
clock stops, voltage transfer stops. If the switching transistor 
shorts there is no output. The Buck circuit will apply full input 
voltage to the load with a shorted transistor. This is 
the reason that the SEPIC topology is referred to as the fail- 
safe Buck. 


CUK CONVERTER 


GATE DRIVER 
AND CONTROL 


CIRCUITRY 


QUADRATIC CONVERTER 
FIGURE 8. THREE OTHER TOPOLOGIES 


It should be noted that when the Cuk topology is 
implemented, a transistor current source is used to convert 
the negative output voltage of the Cuk converter to a current 
that is level shifted to the FB terminal on the HIP5061. 
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Two other useful topologies that may be used are the Forward 
and the Flyback as shown in Figure 9 and Figure 10. As 
shown, they may either be operated as an isolated or non-iso- 
lated converter. 


Vin 
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FIGURE 9. FORWARD CONVERTER 
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FIGURE 10. FLYBACK CONVERTER 


Both the SEPIC and the Boost topologies may be operated 
at high voltages with the addition of a high voltage cascode 
transistor. Figure 11 shows the Cascode SEPIC converter 
that is essentially limited by the selection of the external 


power transistor. The burden of voltage, and power is placed 
upon the external transistor. The HIP5061 still performs the 
drain current sampling and the control function is the same 
as the non cascode configuration. 


GATE DRIVER 
AND CONTROL 
CIRCUITRY 


FIGURE 11. OFF LINE CASCODE SEPIC 


Figure 12 shows the voltage transfer as a function of duty 
cycle for the power supply topologies discussed. 
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FIGURE 12. VOLTAGE TRANSFER AS A FUNCTION OF DUTY 
CYCLE FOR VARIOUS TOPOLOGIES 
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HIP4080, 80V HIGH FREQUENCY H-BRIDGE DRIVER 


Author: George E. Danz 


Introduction 


The HIP4080 is a member of the HIP408X family of High 
Frequency H-Bridge Driver ICs. A simplified application dia- 
gram is shown in Figure 1. The HIP4080 H-Bridge driver IC 
provides the ability to operate from 8VDC to 80VDC busses 
for driving N-Channel MOSFET H-Bridges, The HIP4080 
packaged in either 20 lead DIP or 20 lead SOIC, provides 
peak gate current drive of 2.5A. 


A combination of bootstrap and charge-pumping techniques 
is used to power the circuitry which drives the upper MOS- 
FETs of the H-Bridge. The bootstrap technique supplies the 
high instantaneous current needed for turning on the power 
devices, while the charge pump provides enough current to 
maintain bias voltage on the upper driver sections and MOS- 
FETs. Since voltages on the upper bias supply pin “float” 
with the source terminals of the upper power switches, the 
design of this family provides voltage capability for the upper 
bias supply terminals to 95VDC. 


The HIP4080 can drive lamp loads for automotive and indus- 
trial applications as shown in Figure 2. When inductive loads 
are switched, flyback diodes must be placed around the 
loads to protect the MOSFET switches. 


The HIP408X family of devices is fabricated using a propri- 
etary Harris IC process which allows this family to switch at 
frequencies of over 500kHz. Therefore the HIP408X family is 
ideal for use in voice coil motor, class-D audio amplifier, DC- 
DC converters and high performance AC, DC and step- 
motor control applications. 


Many applications utilize the full bridge topology. These are 
voice coil motor drives, stepper and DC brush motors, audio 
amplifiers and even power supply inverters used in uninterrupt- 
able power supplies, just to name a few. Of the above, voice coil 
motor drives and audio amplifiers can take advantage of the 
built-in comparator available in the HIP4080. Using the output 
of the comparator to add some positive feedback, a hysteresis 
control, so popular with voice coil motor drivers, can be imple- 
mented as shown in Figure 3. In the figure, R3 is fed back from 
the comparator output, OUT, to the positive input of the compar- 
ator, IN+. Capacitor, C1, integrates in a direction to satisfy the 
reference current signal at IN. The IN- input of the comparator 
sums this current reference with a signal proportional to load 
current through resistor, R4, which comes from a differential 
amplifier, A1. A bias voltage of 6V (represents half of the bias 
voltage and the maximum rail to rail voltage of the comparator 
and amplifier, A1) biases the comparator’s IN+ terminal through 
R2 and the amplifier, A1’s, positive summing junction. 


Copyright © Harris Corporation 1994 


HIP 4080 


FIGURE 1. HIP4080 SIMPLIFIED APPLICATION DIAGRAM 


FIGURE 2. HIP4080 AS LAMP SWITCH DRIVER, DUAL HIGH/ 
LOW SWITCHES FOR AUTOMOTIVE AND INDUS- 
TRIAL CONTROLS 


When no current is flowing in either direction in the load, the 
output of Ail is exactly 6V. The reference input, IN, would 
also have to be 6V to request zero current from the bridge. 
The bridge would still switch in this case, because of the 
positive feedback connection of the HIP4080 internal com- 
parator. The frequency of oscillation of the output will be a 
function of the amount of dc hysteresis gain, R3/R1 and the 
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size of capacitor, C1. As the capacitor, C1, is made larger, 
the steady-state frequency of the bridge will become smaller. 
It is beyond the scope of this application note to provide a full 
analysis. A valuable characteristic of hysteresis control is 
that as the error becomes smaller (i.e. the reference and 
feedback signals match) the frequency increases. Usually 
this occurs when the load current is small or at a minimum. 
When the error signal is large, the frequency becomes very 
small, perhaps even de. One advantage of this is that when 
currents are largest, switching losses are a minimum, and 
when switching losses are largest, the dc current component 
is small. 

To provide accurate dead-time control for the twin purposes 
of shoot-through avoidance and duty-cycle maximization, 
two resistors tied to pins HDEL and LDEL provide precise 
delay matching of upper and lower propagation delays, 
which are typically only 55ns. The HIP408X family of 
H-Bridge drivers have enough voltage margin to be applied 
to all SELV (UL classification for operation at < 42.0V) appli- 
cations and most Automotive applications where “load 
dump” capability over 65V is required. This capability makes 
the HIP408X family a more cost-effective solution for driving 
N-channel power MOSFETs than either discrete solutions or 
other solutions relying on transformer or opto-coupling gate- 
drive techniques as shown in Figure 1. 


The HIP4080 differs from the HIP4081 regarding the func- 
tion of pins 2, 5, 6 and 7 of the IC and the truth table which 
governs the switching function of the two ICs. In the 
HIP4080, pins 2, 5, 6 and 7 are labeled HEN, OUT, IN+ and 
IN-, respectively. In the HIP4081, pins 2, 5, 6 and 7 are 
labeled BHI (B-side high input), BLI (B-side low input), ALI 
(A-side low input) and AHI (A-side high input), respectively. 
The HIP4081’s inputs individually control each of the four 
power MOSFETs, or in pairs (excepting the shoot-through 
case). The HIP4080 provides an internal comparator and a 
“HEN...high enable” pin. The comparator can be used to pro- 
vide a PWM logic signal to switch the appropriate MOSFETs 
within the H-bridge, and can facilitate “Hysteresis” control to 
be illustrated later. The HEN pin enables (when HEN is high) 
or disables (when HEN is low) the upper MOSFETs. With 
HEN held low, it is possible to switch only the lower H-bridge 
MOSFETs. The HEN input can also be PWM-switched with 
the IN+ and IN- inputs used only for direction control, thereby 
minimizing switching losses. 


Description of the HIP4080 


The block diagram of the HIP4080 relating to driving the 
A-side of the H-Bridge is shown in Figure 4. The blocks 
associated with each side of the H-Bridge are identical, so 
the B-side is not shown for simplicity. 


The two bias voltage terminals on the HIP408X H-Bridge 
Drivers, Vcc and Vpp should be tied together. They were 
separated within the HIP408X IC to avoid possible ground 
loops internal to the IC. Tieing them together and providing a 
decoupling capacitor from the common tie-point to Vss 
greatly improves noise immunity. 


Input Logic 


The HIP4080 accepts inputs which control the output state of 
the power MOSFET H-bridge and provides a comparator out- 
put pin, OUT, which can provide compensation or hysteresis. 


The DIS, “Disable,” pin disables gate drive to all H-bridge 
MOSFETs regardless of the command states of the input 
pins, IN¢+, IN- and HEN. The HEN, “High Enable,” pin 
enables and disables gate drive to the two high side MOS- 
FETs. A high level on the HEN pin “enables” high side gate 
drive as further determined by the states of the IN+ and IN- 
comparator input pins, since the IN+ and IN- pins control 
which diagonal pair of MOSFETs are gated. Upper drive can 
be “modulated” through use of the HEN pin while drive to 
diagonally opposing lower MOSFETs is continuous. To simul- 
taneously modulate both upper and lower drivers, HEN is con- 
tinuously held high while modulating the IN+ and IN- pins. 


Modulating only the upper switches can nearly halve the 
switching losses in both the driver IC and in the lower MOS- 
FETs. The power dissipation saved at high switching fre- 
quencies can be significant. Table 1 summarizes the input 
control logic. 


TABLE 1. INPUT LOGIC TRUTH TABLE 


[iwe> IN| DIS | HEN | ALO | AHO | BLO | BHO | 


X=DONTCARE 1=HIGHON O=LOW/OFF 


The input sensitivity of the DIS and HEN input pins are best 
described as “enhanced TTL” levels. Inputs which fall below 
1.0V or above 2.5V are recognized, respectively, as low level 
or high level inputs. The IN+ and IN- comparator inputs have 
a common mode input voltage range of 1.0V to Vpp -1.5V, 
whereas the offset voltage is less than 5mV. For more infor- 
mation on the comparator specifications, see Harris Data 
Sheet HIP4080, File Number 3178. 


Propagation Delay Control 


Propagation delay control is a major feature of the HIP4080. 
Two identical sub-circuits within the IC delay the commuta- 
tion of the power MOSFET gate turn-on signals for both 
sides of the H-bridge. The gate turn-off signals are not 
delayed. Propagation delays related to the level-translation 
function (see section on Level-Translation) cause both upper 
on/off propagation delays to be longer than the lower on/off 
propagation delays. Four delay sub-circuits are needed to 
fully balance the H-bridge delays, two for upper delay control 
and two for lower delay control. 


Users can tailor the low side to high side commutation delay 
times by placing a resistor from the HDEL pin to the Vszs pin. 
Similarly, a resistor connected from LDEL to Vgg controls the 
high side to low side commutation delay times of the lower 
power switches. The HDEL resistor controls both upper com- 
mutation delays and the LDEL resistor controls the lower 
commutation delays. Each of the resistors sets a current 
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FIGURE 3. HYSTERESIS MODE SWITCHING 
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FIGURE 4. HIP4080 BLOCK DIAGRAM (A SIDE ONLY) 
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which is inversely proportional to the created delay. The 
delay is added to the falling edge of the “off” pulse associ- 
ated with the MOSFET which is being commutated off. 
When the delay is complete, the “on” pulse is initiated. This 
has the effect of “delaying” the commanded on pulse by the 
amount set by the delay, thereby creating dead-time. 


Proper choice of resistor values connected from HDEL and 
LDEL to Vsg provides a means for matching the commuta- 
tion dead times whether commutating high to low or low to 
high. Values for the resistors ranging from 10kQ to 200kQ 
are recommended. Figure 5 shows the delays obtainable as 
a function of the resistor values used. 
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FIGURE 5. MINIMUM DEAD-TIME vs DEL RESISTANCE 


Level-Translation 


The lower power MOSFET gate drive signals from the prop- 
agation delay and control circuits go to amplification circuits 
which are described in more detail under the section “Driver 
Circuits”. The upper power MOSFET gate drive signals are 
directed first to the Level-Translation circuits before going to 
the upper power MOSFET “Driver Circuits”. 


The Level-Translation circuit communicate “on” and “off” 
pulses from the Propagation Delay sub-circuit to the upper 
logic and gate drive sub-circuits which “float” at the potential 
of the upper power MOSFET source connections. This volt- 
age can be as much as 85V when the bias supply voltage is 
only 10V (the sum of the bias supply voltage and bus volt- 
ages must not exceed 95VDC). 


In order to minimize power dissipation in the level-shifter cir- 
Cuit, it is important to minimize the width of the pulses trans- 
lated because the power dissipation is proportional to the 
product of switching frequency and pulse energy in joules. 
The pulse energy in turn is equal to the product of the bus 
voltage magnitude, translation pulse current and translation 
pulse duration. To provide a reliable, noise free pulse 
requires a nominal current pulse magnitude of approximately 
3mA. The translated pulses are then “latched” to maintain 
the “on” or “off? state until another level-translation pulse 
comes along to set the latch to the opposite state. Very reli- 


able operation can be obtained with pulse widths of approxi- 
mately 80ns. At a switching frequency of even 1.0MHz, with 
an 80VDC bus potential, the power developed by the level- 
translation circuit will be less than 0.08W. 


Charge Pump Circuits 


There are two charge pump circuits in the HIP4080, one for 
each of the two upper logic and driver circuits. Each charge 
pump uses a switched capacitor doubler to provide about 
30yA to 50uA of gate load current. The sourcing current 
charging capability drops off as the floating supply voltage 
increases. Eventually the gate voltage approaches the level 
set by an internal zener clamp, which prevents the voltage 
from exceeding about 15V, the safe gate voltage rating of 
most commonly available MOSFETs. 


Driver Circuits 


Each of the four output drivers are comprised of bipolar high 
speed NPN transistors for both sourcing and sinking gate 
charge to and from the MOSFET switches. In addition, the 
sink driver incorporates a parallel-connected n-channel 
MOSFET to enable the gate of the power switch gate-source 
voltage to be brought completely to OV. 


The propagation delays through the gate driver sub-circuits 
while driving 500pF loads is typically less than 10ns. Never- 
theless, the gate driver design nearly eliminates all gate 
driver shoot-through which significantly reduces IC power 
dissipation. 


Application Considerations 


To successfully apply the HIP4080 the designer should 
address the following concerns: 


¢ General Bias Supply Design Issues 
e Upper Bias Supply Circuit Design 
¢ Bootstrap Bias Supply Circuit Design 


General Bias Supply Design Issues 


The bias supply design is simple. The designer must first 
establish the desired gate voltage for turning on the power 
switches. For most power MOSFETs, increasing the gate- 
source voltage beyond 10V yields little reduction in switch 
drain-source voltage drop. 


Overcharging the power switch’s gate-source capacitance 
also delays turn-off, increases MOSFET switching losses 
and increases the energy to be switched by the gate driver of 
the HIP4080, which increases the dissipation within the 
HIP4080. Overcharging the MOSFET gate-source capaci- 
tance also can lead to “shoot-through” where both upper and 
lower MOSFETs in a single bridge leg find themselves on 
simultaneously, thereby shorting out the high voltage DC bus 
supply. Values close to 12V are optimum for supplying Vpp 
and Vcc, although the HIP4080 will operate up to 15V. 
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Lower Bias Supply Design 


Since most applications use identical MOSFETs for both 
upper and lower power switches, the bias supply require- 
ments with respect to driving the MOSFET gates will also be 
identical. If switching frequencies for driving upper and lower 
MOSFETs differ, two sets of calculations must be done; one 
for the upper switches and one for the lower switches. The 
bias current budget for upper and lower switches will be the 
sum of each calculation. 


Always keep in mind that the lower bias supply must supply 
current to the upper gate drive and logic circuits as well as 
the lower gate drive circuits and logic circuits. This is due to 
the fact that the low side bias supplies (Vcc~/Vpp) charge the 
bootstrap capacitors and the charge pumps, which maintain 
voltage across the upper power switch’s gate-source termi- 
nals. 


Good layout practice and capacitor bypassing technique 
avoids transient voltage dips of the bias power supply to the 
HIP4080. Always place a low ESR (equivalent series resis- 
tance) ceramic capacitor adjacent to the IC, connected 
between the bias terminals Voc and Vpp and the common 
terminal, Vss of the IC. A value in the range of 0.22uF and 
0.5uF is usually sufficient. 


Minimize the effects of Miller feedback by keeping the 
source and gate return leads from the MOSFETs to the 
HIP4080 short. This also reduces ringing, by minimizing the 
length and the inductance of these connections. Another 
way to minimize inductance in the gate charge/discharge 
path, in addition to minimizing path length, is to run the out- 
bound gate lead directly “over’ the source return lead. 
Sometimes the source return leads can be made into a small 
“ground plane” on the back side of the PC board making it 
possible to run the outbound gate lead “on top” of the board. 
This minimizes the “enclosed area” of the loop, thus minimiz- 
ing inductance in this loop. It also adds some capacitance 
between gate and source which shunts out some of the 
Miller feedback effect. 


Upper Bias Supply Circuit Design 


Before discussing bootstrap circuit design in detail, it is 
worth mentioning that it is possible to operate the HIP4080 
without a bootstrap circuit altogether. Even the bootstrap 
capacitor, which functions to supply a reservoir of charge for 
rapidly turning on the MOSFETs, is optional in some cases. 
In situations where very slow turn-on of the MOSFETs is tol- 
erable, one may consider omitting some or all bootstrap 
components. Applications such as driving relays or lamp 
loads, where the MOSFETs are switched infrequently and 
switching losses are low, may provide opportunities for omit- 
ting the boot strap operation. Generally, loads with a lot of 
resistance and inductance are candidates. 


Operating the HIP4080 without a bootstrap diode and/or 
capacitor will severely slow gate turn-on. Without a boot- 
strap capacitor, gate current only comes from the internal 
charge pump. The peak charge pump current is only about 
30yA to 500A. The gate voltage waveform, when operating 
without a bootstrap capacitor, will appear similar to the dot- 
ted line shown in Figure 6. 


If a bootstrap capacitor value approximately equal to the 
equivalent MOSFET gate capacitance is used, the upper 
bias supply (labeled “bootstrap voltage” in Figure 6) will drop 
approximately in half when the gate is turned on. The larger 
the bootstrap capacitance used, the smaller is the instanta- 
neous drop in bootstrap supply voltage when an upper 
MOSFET is turned on. 


GATE 
INITIATION 
SIGNAL 


BOOT STRAP 
VOLTAGE 
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GATE VOLTAGE 
(XHO - XHS) 


FIGURE 6. 


Although not recommended, one may employ a bootstrap 
Capacitor without a bootstrap diode. In this case the charge 
pump is used to charge up a capacitor whose value should 
be much larger than the equivalent gate-source capacitance 
of the driven MOSFET. A value of bootstrap capacitance 
about 10 times greater than the equivalent MOSFET gate- 
source Capacitance is usually sufficient. Provided that suffi- 
cient time elapses before turning on the MOSFET again, the 
bootstrap capacitor will have a chance to recharge to the 
voltage value that the bootstrap capacitor had prior to turn- 
ing on the MOSFET. Assuming 2Q of series resistance is in 
the bootstrap change path, an output frequency of up 
to 1 should allow sufficient refresh time. 
5 x2QxCpey 


A bootstrap capacitor 10 times larger than the equivalent 
gate-source capacitance of the driven MOSFET prevents 
the drop in bootstrap supply voltage from exceeding 10% of 
the bias supply voltage during turn-on of the MOSFET. 
When operating without the bootstrap diode the time 
required to replenish the charge on the bootstrap capacitor 
will be the same time as it would take to charge up the equiv- 
alent gate capacitance from OV. This is because the charge 
lost on the bootstrap capacitor is exactly equal to the charge 
transferred to the gate capacitance during turn-on. Note that 
the very first time that the bootstrap capacitor is charged up, 
it takes much longer to do so, since the capacitor must be 
charged from OV. With a bootstrap diode, the initial charging 
of the bootstrap supply is almost instantaneous, since the 
charge required comes from the low-side bias supply. There- 
fore, before any upper MOSFETs can initially be gated, time 
must be allowed for the upper bootstrap supply to reach full 
voltage. Without a bootstrap diode, this initial “charge” time 
can be excessive. 


If the switching cycle is assumed to begin when an upper 
MOSFET is gated on, then the bootstrap capacitor will 
undergo a charge withdrawal when the source driver con- 
nects it to the equivalent gate-source capacitance of the 
MOSFET. After this initial “dump” of charge, the quiescent 
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current drain experienced by the bootstrap supply is infini- 
tesimal. In fact, the quiescent supply current is more than 
offset by the charge pump current. 


The charge pump continuously supplies current to the boot- 
Strap supply and eventually would charge the bootstrap 
Capacitor and the MOSFET gate capacitance back to its ini- 
tial value prior to the beginning of the switching cycle. The 
problem is that “eventually” may not be fast enough when the 
switching frequency is greater than a few hundred Hz. 


Bootstrap Bias Supply Circuit Design 


For high frequency applications all bootstrap components, 
both diodes and capacitors, are required. Therefore, one 
must be familiar with bootstrap capacitor sizing and proper 
choice of bootstrap diode. 


Just after the switch cycle begins and the charge transfer 
from the bootstrap capacitor to the gate capacitance is com- 
plete, the voltage on the bootstrap capacitor is the lowest 
that it will ever be during the switch cycle. The charge lost on 
the bootstrap capacitor will be very nearly equal to the 
charge transferred to the equivalent gate-source capaci- 
tance of the MOSFET as shown in Equation 1. 


Qg = (Ves; — Vesa) xCps (EQ.1) 


where: 


Vgs1= Bootstrap voltage immediately before turn-on 
Veso= Bootstrap voltage immediately after turn-on 
Cras = Bootstrap Capacitance 

Qg = Gate charge transferred during turn-on 


Were it not for the internal charge pump, the voltage on the 
bootstrap capacitor and the gate capacitor (because an 
upper MOSFET is now turned on) would eventually drain 
down to zero due to bootstrap diode leakage current and the 
very small supply current associated with the level-shifters 
and upper gate driver sub-circuits. 


In PWM switch-mode, the switching frequency is equal to the 
reciprocal of the period between successive turn-on (or turn- 
off) pulses. Between any two turn-on gate pulses exists one 
turn-off pulse. Each time a turn-off pulse is issued to an 
upper MOSFET, the bootstrap capacitor of that MOSFET 
begins its “refresh” cycle. A refresh cycle ends when the 
upper MOSFET is turned on again, which varies depending 
on the PWM frequency and duty cycle. As the duty cycle 
approaches 100%, the available “off-time”, tors approaches 
zero. Equation 2 shows the relationship between tors, fpwy 
and the duty cycle. 


torr = (1—DC)/towiy (EQ.2) 
As soon as the upper MOSFET is turned off, the voltage on 
the phase terminal (the source terminal of the upper MOS- 
FET) begins its descent toward the negative rail of the high 
voltage bus. When the phase terminal voltage becomes less 
than the Vcc voltage, refreshing (charging) of the bootstrap 
capacitor begins. As long as the phase voltage is below Voc 
refreshing continues until the bootstrap and Vcc voltages 
are equal. 


The off-time of the upper MOSFET is dependent on the gate 
control input signals, but it can never be shorter than the 
dead-time delay setting, which is set by the resistors con- 
necting HDEL and LDEL to Vgg. If the bootstrap capacitor is 
not fully charged by the time the upper MOSFET turns on 
again, incomplete refreshing occurs. The designer must 
insure that the dead-time setting be consistent with the size 
of the bootstrap capacitor in order to guarantee complete 
refreshing. Figure 7 illustrates the circuit path for refreshing 
the bootstrap capacitor. 
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FIGURE 7. BOOTSTRAP CAPACITOR CHARGING PATH 


The bootstrap charging and discharging paths should be 
kept short, minimizing the inductance of these loops as men- 
tioned in the section, “Lower Bias Supply Design”. 


Bootstrap Circuit Design - An Example 


Equation 1 describes the relationship between the gate 
charge transferred to the MOSFET upon turn-on, the size of 
the bootstrap capacitor and the change in voltage across the 
bootstrap capacitor which occurs as a result of turn-on 
charge transfer. 


The effects of reverse leakage current associated with the 
bootstrap diode and the bias current associated with the 
upper gate drive circuits also affect bootstrap capacitor siz- 
ing. At the instant that the upper MOSFET turns on and its 
source voltage begins to rapidly rise, the bootstrap diode 
becomes rapidly reverse biased resulting in a reverse recov- 
ery charge which further depletes the charge on the boot- 
Strap capacitor. To completely model the total charge 
transferred during turn-on of the upper MOSFETs, these 
effects must be accounted for, as shown in Equation 3. 
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where: 

lpr = Bootstrap diode reverse leakage current 

laps = Upper supply quiescent current 

Qar = Bootstrap diode reverse recovered charge 
Qe = Turn-on gate charge transferred 

fpwa = PWM operating frequency 

Vas = Bootstrap capacitor voltage just after refresh 

Vaso = Bootstrap capacitor voltage just after upper turn on 

Cgs = Bootstrap capacitance 


From a practical standpoint, the bootstrap diode reverse 
leakage and the upper supply quiescent current are negligi- 
ble, particularly since the HIP4080’s internal charge pump 
continuously sources a minimum of about 30pA. This current 
more than offsets the leakage and supply current compo- 
nents, which are fixed and not a function of the switching fre- 
quency. The higher the switching frequency, the lower is the 
charge effect contributed by these components and their 
effect on bootstrap capacitor sizing is negligible, as shown in 
Equation 3. Supply current due to the bootstrap diode recov- 
ery charge component increases with switching frequency 
and generally is not negligible. Hence the need to use a fast 
recovery diode. Diode recovery charge information can usu- 
ally be found in most vendor data sheets. 


For example, if we choose a Harris IRF520R power 
MOSFET, the data book states a gate charge, Qg, of 12nC 
typical and 18nC maximum, both at Vps = 12V. Using the 
maximum value of 18nC the maximum charge we should 
have to transfer will be less than 18nC. 


Suppose a General Instrument UF4002, 100V, fast recovery, 
1A, miniature plastic rectifier is used. The data sheet gives a 
reverse recovery time of 25ns. Since the recovery current 
waveform is approximately triangular, the recovery charge can 
be approximated by taking the product of half the peak reverse 
current magnitude (1A peak) and the recovery time duration 
(25ns). In this case the recovery charge should be 12.5nC. 


Since the internal charge pump offsets any possible diode 
leakage and upper drive circuit bias currents, these sources 
of discharge current for the bootstrap capacitor will be 
ignored. The bootstrap capacitance required for the example 
above can be calculated as shown in Equation 4, using 
Equation 2. 


_ 18nC + 12.5nC 


“ae* 12.0-11.0 


(EQ. 4) 


Therefore a bootstrap capacitance of 0.033yF will result in 
less than a 1.0V droop in the voltage across the bootstrap 
capacitor during the turn-on period of either of the upper 
MOSFETs. If typical values of gate charge and bootstrap 
diode recovered charge are used rather than the maximum 
value, the voltage droop on the bootstrap supply will be only 
about 0.5V 


Power Dissipation and Thermal Design 


One way to model the power dissipated in the HIP4080 is by 
lumping the losses into static losses and dynamic (switch- 
ing) losses. The static losses are due to bias current losses 
for the upper and lower sections of the IC and include the 


sum of the loc and Ipp currents when the IC is not switching. 
The quiescent current is approximately 9mMA. Therefore with 
a 12V bias supply, the static power dissipation in the IC is 
slightly over 100mW. 


The dynamic losses associated with switching the power 
MOSFETs are much more significant and can be divided into 
the following categories: 


e Low Voltage Gate Drive (charge transfer) 
e High Voltage Level-shifter (V-I) losses 
e High Voltage Level-shifter (charge transfer) 


In practice, the high voltage level-shifter and charge transfer 
losses are small compared to the gate drive charge transfer 
losses. 


The more significant low voltage gate drive charge transfer 
losses are caused by the movement of charge in and out of 
the equivalent gate-source capacitor of each of the 4 MOS- 
FETs comprising the H-bridge. The loss is a function of 
PWM (switching) frequency, the applied bias voltage, the 
equivalent gate-source capacitance and a minute amount of 
CMOS gate charge internal to the HIP4080. The low voltage 
charge transfer losses are given by Equation 5. 


Powio = fpwm* (Qg+ Qc) x Veias (EQ. 5) 
The high voltage level-shifter power dissipation is much 
more difficult to evaluate, although the equation which 
defines it is simple as shown in Equation 6. The difficulty 
arises from the fact that the level-shift current pulses, Io, 
and loge, are not perfectly in phase with the voltage at the 
upper MOSFET source terminals, Vsj¢7 due to propagation 
delays within the IC. These time-dependent source voltages 
(or “phase” voltages) are further dependent on the gate 
Capacitance of the driven MOSFETs and the type of load 
(resistive, Capacitive or inductive) which determines how 
rapidly the MOSFETs turn on. For example, the level-shifter 
lon and lo¢¢ pulses may come and go and be latched by the 
upper logic circuits before the phase voltage even moves. 
As a result, little level-shift power dissipation may result from 
the icy pulse, whereas the lore pulse may have a significant 
power dissipation associated with it, since the phase voltage 
generally remains high throughout the duration of the io¢r 
pulse. 

(EQ. 6) 


PSHIFT = ilo Con () +lope () ) X Vogue (t) x at 


Lastly, there is power dissipated within the IC due to charge 
transfer in and out of the capacitance between the upper 
driver circuits and Vgg. Since it is a charge transfer phenom- 
ena, it closely resembles the form of Equation 5, except that 
the capacitance is much smaller than the equivalent gate- 
source capacitances associated with power MOSFETs. On 
the other hand, the voltages associated with the level-shift- 
ing function are much higher than the voltage changes expe- 
rienced at the gate of the MOSFETs. The relationship is 
shown in Equation 7. 


_ 2 
Prus = Crus * YSHiet <fpwe (EQ. 7) 
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The power associated with each of the two high voltage tubs 
in the HIP4080 derived from Equation 7 is quite small, due to 
the extremely small capacitance associated with these tubs. 
A “tub” is the isolation area which surrounds and isolates the 
high side circuits from the ground referenced circuits of the 
IC. The important point for users is that the power dissipated 
is linearly related to switching frequency and the square of 
the applied bus voltage. 


The tub capacitance in Equation 7 varies with applied volt- 
age, Vsyirt, Making its solution difficult, and the phase shift 
of the lox and loge pulses with respect to the phase voltage, 
Vspiet in Equation 6 are difficult to measure. Even the Qic in 
Equation 5 is not easy to measure. Hence the use of Equa- 
tion 5 through Equation 7 to calculate total power dissipation 
is at best difficult. The equations do, however, allow users to 
understand the significance that MOSFET choice, switching 
frequency and bus voltage play in determining power dissi- 
pation. This knowledge can lead to corrective action when 
power dissipation becomes excessive. 


Fortunately, there is an easy method which can be used to 
measure the components of power dissipation rather than 
calculating them, except for the tiny “tub capacitance” com- 
ponent. 


Power Dissipation, the Easy Way 


The average power dissipation associated with the IC and 
the gate of the connected MOSFETs can easily be mea- 
sured using a signal generator, an averaging milliameter and 
a voltmeter. 


Low Voltage Power Dissipation 


Two sets of measurements are required. The first set uses 
the circuit of Figure 8 and evaluates all of the low voltage 
power dissipation components. These components include 
the MOSFET gate charge and internal CMOS charge trans- 
fer losses shown in Equation 5 as well as the quiescent bias 
current losses associated with the IC. The losses are calcu- 
lated very simply by calculating the product of the bias volt- 
age and current measurements as performed using the 
circuit shown in Figure 8. For measurement purposes, the 
phase terminals (AHS and BHS) for both A and B phases 
are both tied to the chip common, Vgg terminal, along with 
the lower source terminals, ALS and BLS. Capacitors equal 
to the equivalent gate-source capacitance of the MOSFETs 
are connected from each gate terminal to Vss. The value of 
the capacitance chosen comes from the MOSFET manufac- 
turers data sheet. Notice that the MOSFET data sheet usu- 
ally gives the value in units of charge (usually nano- 
coulombs) for different drain-source voltages. Choose the 
drain-source voltage closest to the particular dc bus voltage 
of interest. 


Simply substituting the actual MOSFETs for the capacitors, 
C,, doesn’t yield the correct average current because the 
Miller capacitance will not be accounted for. This is because 
the drains don’t switch using the test circuit shown in Figure 
8. Also the gate capacitance of the devices you are using 
may not represent the maximum values which only the data 
sheet will provide. 
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FIGURE 8. LOW VOLTAGE POWER DISSIPATION TEST 
CIRCUIT 


The low voltage charge transfer switching currents are 
shown in Figure 9. Figure 9 does not include the quiescent 
bias current component, which is the bias current which 
flows in the IC when switching is disabled. The quiescent 
bias current component is approximately 10mA. Therefore 
the quiescent power loss at 12V would be 120mW. Note that 
the bias current at a given switching frequency grows almost 
proportionally to the load capacitance, and the current is 
directly proportional to switching frequency, as previously 
suggested by Equation 5. 
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FIGURE 9. LOW VOLTAGE BIAS CURRENT vs FREQUENCY 
AND LOAD CAPACITANCE 


High Voltage Power Dissipation 


The high voltage power dissipation component is largely 
comprised of the high voltage level-shifter component as 
described by Equation 6. All of the difficulties associated 
with the time variance of the Io, and lore pulses and the 
level shift voltage, Vspie7, under the integrand in Equation 6 
are avoided. For completeness, the total loss must include a 
small leakage current component, although the latter is usu- 
ally smaller compared to the level-shifter component. The 
high voltage power loss calculation is the product of the high 
voltage bus voltage level, Vays, and the average high volt- 
age bus current, Ipus, as measured by the circuit shown in 
Figure 10. Averaging meters should be used to make the 
measurements. 
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FIGURE 10. HIGH VOLTAGE LEVEL-SHIFT CURRENT TEST 
CIRCUIT 


Figure 11 shows that the high voltage level-shift current var- 
ies directly with switching frequency. This result should not 
be surprising, since Equation 6 can be re-arranged to show 
the current as a function of frequency, which is the reciprocal 
of the switching period, 1/T. The test circuit of Figure 10 
measures quiescent leakage current as well as the switching 
component. Notice that the current increases somewhat with 
applied bus voltage. This is due to the finite output resis- 
tance of the level-shift transistors in the IC. 
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FIGURE 11. HIGH VOLTAGE LEVEL-SHIFT CURRENT vs 
FREQUENCY AND BUS VOLTAGE 


Layout Issues 


In fast switching, high frequency systems, poor layout can 
result in problems. It is crucial to consider PCB layout. The 
HIP4080 pinout configuration encourages tight layout by 
placing the gate drive output terminals strategically along the 
right side of the chip (pin 1 is in the upper left-hand corner). 
This provides for short gate and source return leads con- 
necting the IC with the power MOSFETs. 


Minimize the series inductance in the gate drive loop by run- 
ning the lead going out to the gate of the MOSFETs from the 
IC over the top of the return lead from the MOSFET sources 
back to the IC by using a double-sided PCB if possible. The 
PC board separates the traces and provides a small amount 
of capacitance as well as reducing the loop inductance by 
reducing the encircled area of the gate drive loop. The bene- 
fit is that the gate drive currents and voltages are much less 
prone to ringing which can similarly modulate the drain cur- 
rent of the MOSFET. The following table summarizes some 
of the layout problems which can occur and the corrective 
action to take. 


Layout Problems and Effects 


The Bootstrap circuit path should also be short to minimize 
series inductance that may cause the voltage on the boot- 
Strap capacitor to ring, slowing down refresh or causing an 
overvoltage on the bootstrap bias supply. 


A compact power circuit layout (short circuit path between 
upper/lower power switches) minimizes ringing on the phase 
lead(s) keeping BHS and AHS voltages from ringing exces- 
sively below the Vss terminal which can cause excessive 
charge extraction from the substrate and possible malfunc- 
tion of the IC. 


Excessive gate lead lengths can cause gate voltage ringing 
and subsequent modulation of the drain current, thereby 
amplifying the Miller Effect. 


PROBLEM EFFECT 


Bootstrap circuit path | Inductance may cause voltage on boot- 

too long strap capacitor to ring, slowing down 
refresh and/or causing an overvoltage 
on the bootstrap bias supply. 


Lack of tight power 
Circuit layout (long 
circuit path between 
upper/lower power 
switches) 


Can cause ringing on the phase lead(s) 
causing BHS and AHS to ring exces- 
sively below the Vss terminal causing 
excessive charge extraction from the 
substrate and possible malfunction of 
the IC. 


Can cause gate voltage ringing and 
subsequent modulation of the drain cur- 
rent and impairs the effectiveness of the 
sink driver from minimizing the miller ef- 
fect when an opposing switch is being 
rapidly turned on. 


Excessive gate lead 
lengths 
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Quick Help Table 


The quick help table has been included to help locate solu- 
tions to problems you may have in applying the HIP4080. 


PROBLEM EFFECT 


Low chip bias voltages | May cause power MOSFETs to exhibit ex- 
(Veco and Vpp) cessive Rpson, possibly overheating 
them. below about 6V, the IC may not 
function properly. 


At Vpp voltages above about 12V, The 
charge pump limiter will begin to operate, 
in turn drawing heavier Vpp current. 
above 16V, Breakdown may occur. 


High chip bias voltag- 
@S (Voc and Vpp) 


Bootstrap capacitor(s) 
too small 


May cause insufficient or soft charge de- 
livery to MOSFETs at turn-on causing 
MOSFET overheating. Charge pump will 
pump charge, but possibly not quickly 
enough to avoid excessive switching loss- 
es. 


Bootstrap capacitor(s) 
too large 


Dead time may need to be increased in or- 
der to allow sufficient bootstrap refresh 
time. The alternative is to decrease boot- 
strap capacitance. 


Reate too small Smaller values of Reare reduces turn-on/ 
off times and may cause excessive emi 
problems. Incorporating a series gate 
resistor with an anti-parallel diode can 
solve EMI problem and add to the dead 


time, reducing shoot-through tendency. 


Increases switching losses and MOSFET 
heating. If anti-parallel diode mentioned 
above is in backwards, turn-off time is in- 
creased, but turn-on time is not, possibly 
causing a shoot-through fault. 


Reate too large 


Reduces “refresh” time as well as dead 
time, with increased  shoot-through 
tendency. Try increasing HDEL and LDEL 
resistors (don't exceed 1mQ.) 


Dead time too small 


HIP 4080 IC gets too 
hot 


Reduce bus voltage, switching frequency, 
choose a MOSFET with lower gate capac- 
itance or reduce bias voltage (if it is not 
below 10V to 12V). 

Shed some of the low voltage gate switch- 
ing losses in the HIP4080 by placing a 
small amount of series resistance in the 
leads going to the MOSFET gates, there- 
by transferring some of the IC losses to 
the resistors. 


Check that the HEN terminal is not tied 
low inadvertently. 


Lower MOSFETs turn 
on, but upper 
MOSFETs don't 


Application Demonstration PC Board 


Harris has developed a demonstration PC board to allow 
fast prototyping of numerous types of applications. The 
board was also tailored to be used to aid in characterizing 
the HIP4080 and HIP4081 devices under actual operating 
conditions. 


Figure 12 and Figure 13 show the schematic and the silk- 
screen indicating component placement, respectively, for the 
HIP4080/1 demo board. Note that the board can be used to 
evaluate either the HIP4080 or the HIP4081, simply by 
changing a few jumpers. 


The PC board incorporates a CD4069UB to “buffer” inputs to 
the HIP4080 on input terminals IN1 and IN2. Normally the 
polarities of IN1 and IN2 should be opposite in polarity to 
obtain proper H-Bridge operation. If all4 MOSFETs are to be 
PWN-ed, then JMPR3 should be removed (or opened). Also 
the OUT terminal of the IC should not be driven, so insure 
JMPR’1 is open. Specific recommendations for working with 
the HIP4081 will be discussed in the corresponding section 
of the application note for the HIP4081. JMPR5 should 
always be removed in order to implement the power up reset 
circuit described in data sheet HIP4080, File Number 3178. 
Resistors R27 and R28 as well as capacitor, C7 are not 
required. 


Consistent with good design practice, the +12V bias supply 
is bypassed by capacitors C6 and C5 (at the IC terminals 
directly). Capacitor C6 is a 4.7uF tantalum, designed to 
bypass the whole PCB, whereas C5 is a 0.22uF, designed to 
bypass the HIP4080. The bootstrap capacitors, C3 and C4, 
and the high voltage bus bypass capacitors are 0.1yF, 100V 
ceramic. Ceramic is used here because of the low induc- 
tance required of these capacitors in the application. The 
bootstrap diodes are 1A, fast recovery (tar = 200ns), 100V, 
to minimize the charge loss from the bootstrap capacitors 
when the diodes become reverse-biased. 


The MOSFETs supplied with the demo board is a Harris 
IRF520, 100V, 9A device. Since it has a gate charge of 
approximately 12nC, 10Q gate resistors, R21 through R24, 
have been employed to deliberately slow down turn-on and 
turn-off of these switches. Finally, R33 and R34 provide 
adjustment of the dead-time. These are 500kQ normally set 
for 100kQ, which will result in a dead-time of approximately 
50ns. Resistors, R30 and R31 are shunt resistors (0.1Q, 2W, 
2%, wirewound) used to provide a current-limiting signal, if 
desired. These may be replaced with wire jumpers if not 
required. 


Finally, space has been provided for filter reactors, L1 and 
L2, and filter capacitors, C1 and C2, to provide filtering of 
PWM switching components from appearing at output termi- 
nals AO and BO. To facilitate placement of user-defined ICs, 
such aS op-amps, comparators, etc., space for 3 fourteen 
pin standard width ICs has been reserved at the far left side 
of the demo board. The output terminations of the 3 optional 
locations are wired to holes which can be used to mount 
application-specific components, easing the process for 
building up working amplifiers for motor controls and audio 
amplifiers. 
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FIGURE 12. HIP4080 EVALUATION PC BOARD SCHEMATIC 
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POWER SECTION 


NOTE: Circuit inside dashed area must be 
hardwired and is not included on the 
demo board. 
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FIGURE 13. EVALUATION BOARD SILKSCREEN 
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HIP4081, 80V HIGH FREQUENCY H-BRIDGE DRIVER 


Author: George E. Danz 


Introduction 


The HIP4081 is a member of the HIP408X family of High 
Frequency H-Bridge Driver ICs. A simplified block diagram of 
the HIP4081 application is shown in Figure 1. The HIP408X 
family of H-Bridge driver ICs provide the ability to operate 
from 8VDC to 80VDC busses for driving N-channel MOS- 
FET H-Bridges, operating in class-D switch-mode. The 
HIP408X family, packaged in both 20 pin DIP and 20 pin 
SOIC DIPs, provide peak gate current drive of 2.5A. 


A combination of bootstrap and charge-pumping techniques 
is used to power the circuitry which drives the upper halves 
of the H-Bridge. The bootstrap technique supplies the high 
instantaneous current needed for turning on the power 
devices, while the charge pump provides enough current to 
“maintain” bias voltage on the upper driver sections and 
MOSFETs. Since voltages on the upper bias supply pin 
“float” along with the source terminals of the upper power 
switches, the design of this family provides voltage capability 
for the upper bias supply terminals to 95VDC. 


The HIP4081 can drive lamp loads for automotive and indus- 
trial applications as shown in Figure 2. When inductive loads 
are switched, flyback diodes must be placed around the 
loads to protect the MOSFET switches. 


Many applications utilize the full bridge topology. These are 
voice coil motor drives, stepper and DC brush motors, audio 
amplifiers and even power supply inverters used in uninter- 
ruptable power supplies, just to name a few. The HIP408X 
family of devices is fabricated using a proprietary Harris IC 
process which allows this family to switch at frequencies up 
to 1MHz. Therefore the HIP408X family is ideal for use in all 
kinds of class-D high frequency converter applications. 


Two resistors tied to pins HDEL and LDEL can provide pre- 
cise delay matching of upper and lower propagation delays, 
which are typically only 55ns. The result is accurate dead- 
time control for avoiding shoot-through and for maximizing 
the duty-cycle. The HIP4081 H-Bridge driver has enough 
voltage margin to meet all SELV (UL classification for opera- 
tion at < 42.0V) applications and most Automotive applica- 
tions where “load dump” capability over 65V is required. The 
HIP408X family is a cost-effective solution for driving N- 
channel power MOSFETs, replacing discrete solutions or 
other solutions relying on transformer- or opto-coupling gate- 
drive techniques, as shown in Figure 1. 


Copyright © Harris Corporation 1994 


The biggest difference between the HIP4080 and the 
HIP4081 is that the HIP4081 allows separate and individual 
control of the 4 MOSFET gates, whereas the HIP4080 does 
not. Also the HIP4081 does not include an internal compara- 
tor which can create a PWM signal directly within the 
HIP4080. 


80V 


GND 


FIGURE 1. HIP4081 SIMPLIFIED APPLICATION DIAGRAM 


._ DUAL HIGH/LOW SWITCHES FOR 
AUTOMOTIVE AND INDUSTRIAL CONTROLS 


FIGURE 2. HIP4081 AS LAMP SWITCH DRIVER 
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Description of the HIP4081 


The block diagram of the HIP4081 relating to driving the 
A-side of the H-Bridge is shown in Figure 3. The blocks 
associated with each half of the H-Bridge are identical, so 
the B-side is not shown for simplicity. 


The Voc and Vpp terminals on the HIP4081 should be tied 
together. They were separated within the HIP4081 IC to 
avoid possible ground loops internal to the IC. Tieing them 
together and providing a decoupling capacitor from the com- 
mon tie-point to Vss greatly improves noise immunity. 


Input Logic 


The HIP4081 has 4 inputs, ALI, BLI, AHI and BHI, which con- 
trol the gate outputs of the H-bridge. In addition, the DIS, “Dis- 
able,” pin disables gate drive to all H-bridge MOSFETs 
regardless of the command states of the input pins above. 
The HIP4081 has pullups on the high input terminals, AHI and 
BHI, so that the bridge can be totally controlled using only the 
lower input control pins, ALI and BLI, which can greatly simpli- 
fiy the external control circuitry needed to control the 
HIP4081. As Table 1 suggests, the lower inputs ALI and BLI 
dominate the upper inputs. That is, when one of the lower 
nputs is high, it doesn’t matter what the level of the upper 
input is, because the lower will turn on and the upper will 
remain off. 


TABLE 1. INPUT LOGIC TRUTH TABLE 


[xen non To [3-000 [m6 


X = DON’T CARE 1=HIGHON 0O=LOW/OFF 


The input sensitivity of the DIS input pin is best described as 
“enhanced TTL’ levels. Inputs which fall below 1.0V or rise 
above 2.5V are recognized, respectively, as low level or high 
level inputs. 


Propagation Delay Control 


Propagation delay control is a major feature of the HIP4081. 
Two identical sub-circuits within the IC delay the commuta- 
tion of the power MOSFET gate turn-on signals for both A 
and B sides of the H-bridge. The gate turn-off signals are not 
delayed. Propagation delays related to the level-translation 
function (see section on Level-Translation) cause both upper 
on/off propagation delays to naturally be longer than the 
lower on/off propagation delays. Four delay trim sub-circuits 
are incorporated to better match the H-bridge delays, two for 
upper delay control and two for lower gate control. 


Users can tailor the low side to high side commutation delay 
times by placing a resistor from the HDEL pin to the Vsg pin. 
Similarly, a resistor connected from LDEL to Vsg controls the 
high side to low side commutation delay times of the lower 


power switches. The HDEL resistor controls both upper com- 
mutation delays and the LDEL resistor controls the lower 
commutation delays. Each of the resistors sets a current 
which is inversely proportional to the created delay. The 
delay is added to the falling edge of the “off” pulse associ- 
ated with the MOSFET which is being commutated off. 
When the delay is complete, the “on” pulse is initiated. This 
has the effect of “delaying” the commanded on pulse by the 
amount set by the delay, thereby creating dead-time. 


Proper choice of resistor values connected from HDEL and 
LDEL to Vsgs provides a means for matching the commuta- 
tion dead times whether commutating high to low or low to 
high. Values for the resistors ranging from 10kQ to 200kQ 
are recommended. Figure 4 shows the delays obtainable as 
a function of the resistor values used. 


150 


as 
& 3 


DEAD-TIME (ns) 
s 


10 50 100 200 250 


150 
HDEL/LDEL RESISTANCE (kQ) 


FIGURE 4. MINIMUM DEAD-TIME vs DEL RESISTANCE 


Level-Translation 


The lower power MOSFET gate drive signals from the prop- 
agation delay and control circuits go to amplification circuits 
which are described in more detail under the section “Driver 
Circuits”. The upper power MOSFET gate drive signals are 
directed first.to the Level-Translation circuits before going to 
the upper power MOSFET “Driver Circuits”. 


The Level-Translation circuit communicate “on” and “off” 
pulses from the Propagation Delay sub-circuit to the upper 
logic and gate drive sub-circuits which “float” at the potential 
of the upper power MOSFET source connections. This volt- 
age can be as much as 85V when the bias supply voltage is 
only 10V (the sum of the bias supply voltage and bus volt- 
ages must not exceed 95VDC). 


In order to minimize power dissipation in the level-shifter cir- 
cuit, it is important to minimize the width of the pulses trans- 
lated because the power dissipation is proportional to the 
product of switching frequency and pulse energy in joules. 
The pulse energy in turn is equal to the product of the bus 
voltage magnitude, translation pulse current and translation 
pulse duration. To provide a reliable, noise free pulse 
requires a nominal current pulse magnitude of approximately 
3mA. The translated pulses are then “latched” to maintain 
the “on” or “off” state until another level-translation pulse 
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FIGURE 3. HIP4081 FUNCTIONAL BLOCK DIAGRAM 


comes along to set the latch to the opposite state. Very reli- 
able operation can be obtained with pulse widths of approxi- 
mately 80ns. At a switching frequency of even 1.0MHz, with 
an 80VDC bus potential, the power developed by the level- 
translation circuit will be less than 0.08W. 


Charge Pump Circuits 


There are two charge pump circuits in the HIP4081, one for 
each of the two upper logic and driver circuits. Each charge 
pump uses a switched capacitor doubler to provide about 
30LA to 50uA of gate load current. The sourcing current 
charging capability drops off as the floating supply voltage 
increases. Eventually the gate voltage approaches the level 
set by an internal zener clamp, which prevents the voltage 
from exceeding about 15V, the safe gate voltage rating of 
most commonly available MOSFETs. 


Driver Circuits 


Each of the four output drivers are comprised of bipolar high 
speed NPN transistors for both sourcing and sinking gate 
charge to and from the MOSFET switches. In addition, the 
sink driver incorporates a parallel-connected n-channel 
MOSFET to enable the gate of the power switch gate-source 
voltage to be brought completely to OV. 


The propagation delays through the gate driver sub-circuits 
while driving 500pF loads is typically less than 10ns. Never- 
theless, the gate driver design nearly eliminates all gate 
driver shoot-through which significantly reduces IC power 
dissipation. 


Application Considerations 


To successfully apply the HIP4081 the designer should 
address the following concerns: 


e General Bias Supply Design Issues 
e Upper Bias Supply Circuit Design 
e Bootstrap Bias Supply Circuit Design 


General Bias Supply Design Issues 


The bias supply design is simple. The designer must first 
establish the desired gate voltage for turning on the power 
switches. For most power MOSFETs, increasing the gate- 
source voltage beyond 10V yields little reduction in switch 
drain-source voltage drop. 


Overcharging the power switch’s gate-source capacitance 
also delays turn-off, increases MOSFET switching losses 
and increases the power dissipation of the HIP4081. Over- 
charging the MOSFET gate-source capacitance also can 
lead to “shoot-through” (both upper and lower MOSFETs in 
a single bridge leg find themselves conducting simulta- 
neously), thereby shorting out the high voltage DC. Bias 
supply voltages from 12V to 150V are optimum for Vpp and 


Voc: 
Lower Bias Supply Design 


Since most applications use identical MOSFETs for both 
upper and lower power switches, the bias supply require- 
ments with respect to driving the MOSFET gates will also be 
identical. In case switching frequencies for driving upper and 
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lower MOSFETs differ, two sets of calculations must be 
done; one for the upper switches and one for the lower 
switches. The bias current budget for upper and lower 
switches will be the sum of each calculation. Keep in mind 
that the lower bias supply must also supply current to the 
upper gate drive and logic circuits. because the low side bias 
supplies (Vcc/Vpp) charge the bootstrap capacitors and the 
charge pumps. 


Capacitor bypassing of Voc and Vpp avoids transient volt- 
age dips of the bias power supply to the HIP4081. Always 
place a low ESR (equivalent series resistance) ceramic 
capacitor adjacent to the IC, connected between the bias 
terminals Voc and Vpp and the common terminal, Vsg of the 
IC. A value in the range of 0.22uF and 0.5uF is usually suffi- 
cient. 


Minimize the effects of Miller feedback by keeping the source 
and gate return leads from the MOSFETs to the HIP4081 
short. This also reduces ringing, by minimizing the induc- 
tance of these connections. Another way to minimize induc- 
tance in the gate charge/discharge path, in addition to 
minimizing path length, is to run the outbound gate lead 
directly “over” the source return lead. Sometimes the source 
return leads can form a small “ground plane” on the back 
side of the PC board making it possible to run the outbound 
gate lead “topside” on the pc board over this ground plane. 
This minimizes the “enclosed area” of the loop, thus minimiz- 
ing inductance in this loop. It also adds some capacitance 
between gate and source which reduces the Miller feedback 
effect. 


Upper Bias Supply Circuit Design 


Before discussing bootstrap circuit design in detail, it is 
worth mentioning that it is possible to operate the HIP4081 
without a bootstrap circuit altogether. Even the bootstrap 
Capacitor, which functions to supply a reservoir of charge for 
rapidly turning on the MOSFETs is optional in some cases. 
In situations where very slow turn-on of the MOSFETs is tol- 
erable, one may consider omitting some or all bootstrap 
components. Applications such as driving relays or lamp 
loads, where the MOSFETs are switched infrequently and 
switching losses are low, may provide opportunities for boot 
Strapless operation. Generally, loads with lots of resistance 
and inductance are possible candidates. 


Operating the HIP4081 without a bootstrap diode and/or 
capacitor will severely slow gate turn-on. Without a bootstrap 
capacitor, gate current only comes from the internal charge 
pump. The peak charge pump current is only about 30pA to 
50yA. The gate voltage waveform, when operating without a 
bootstrap capacitor, will appear similar to the dotted line 
shown in Figure 6. 


If a bootstrap capacitor value approximately equal to the 
equivalent MOSFET gate capacitance is used, the upper 
bias supply (labeled “bootstrap voltage” in Figure 5) will drop 
approximately in half when the gate is turned on. The larger 
the bootstrap capacitance used, the smaller is the instanta- 
neous drop in bootstrap supply voltage when an upper 
MOSFET is turned on. 


GATE 
INITIATION 
SIGNAL 


BOOT STRAP 
VOLTAGE 
(XHB - XHS) 


GATE VOLTAGE 
(XHO - XHS) 


FIGURE 5. 


Although not recommended, one may employ a bootstrap 
capacitor without a bootstrap diode. In this case the charge 
pump is used to charge up a capacitor whose value should 
be much larger than the equivalent gate-source capacitance 
of the driven MOSFET. A value of bootstrap capacitance 
about 10 times greater than the equivalent MOSFET gate- 
source capacitance is usually sufficient. Provided that suffi- 
cient time elapses before turning on the MOSFET again, the 
bootstrap capacitor will have a chance to recharge to the 
voltage value that the bootstrap capacitor had prior to turn- 
ing on the MOSFET. Assuming 2Q of series resistance is in 
the bootstrap change path, an output frequency of up 
to 1 should allow sufficient refresh time. 
5 X20% Cas 


A bootstrap capacitor 10 times larger than the equivalent 
gate-source capacitance of the driven MOSFET prevents the 
drop in bootstrap supply voltage from exceeding 10% of the 
bias supply voltage during turn-on of the MOSFET. When 
operating without the bootstrap diode the time required to 
replenish the charge on the bootstrap capacitor will be the 
same time as it would take to charge up the equivalent gate 
capacitance from OV. This is because the charge lost on the 
bootstrap capacitor is exactly equal to the charge transferred 
to the gate capacitance during turn-on. Note that the very 
first time that the bootstrap capacitor is charged up, it takes 
much longer to do so, since the capacitor must be charged 
from OV. With a bootstrap diode, the initial charging of the 
bootstrap supply is almost instantaneous, since the charge 
required comes from the low-side bias supply. Therefore, 
before any upper MOSFETs can initially be gated, time must 
be allowed for the upper bootstrap supply to reach full volt- 
age. Without a bootstrap diode, this initial “charge” time can 
be excessive. 


If the switching cycle is assumed to begin when an upper 
MOSFET is gated on, then the bootstrap capacitor will 
undergo a charge withdrawal when the source driver con- 
nects it to the equivalent gate-source capacitance of the 
MOSFET. After this initial “dump” of charge, the quiescent 
current drain experienced by the bootstrap supply is infini- 
tesimal. In fact, the quiescent supply current is more than 
offset by the charge pump current. 
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The charge pump continuously supplies current to the boot- 
strap supply and eventually would charge the bootstrap 
capacitor and the MOSFET gate capacitance back to its ini- 
tial value prior to the beginning of the switching cycle. The 
problem is that “eventually” may not be fast enough when the 
switching frequency is greater than a few hundred Hz. 


Bootstrap Bias Supply Circuit Design 


For high frequency applications all bootstrap components, 
both diodes and capacitors, are required. Therefore, one 
must be familiar with bootstrap capacitor sizing and proper 
choice of bootstrap diode. 


Just after the switch cycle begins and the charge transfer 
from the bootstrap capacitor to the gate capacitance is com- 
plete, the voltage on the bootstrap capacitor is the lowest 
that it will ever be during the switch cycle. The charge lost on 
the bootstrap capacitor will be very nearly equal to the 
charge transferred to the equivalent gate-source capaci- 
tance of the MOSFET as shown in Equation 1. 


(EQ.1) 


Qg = (Ves; — Yeso) X Cgs 


where: 


Vasi= Bootstrap capacitor voltage just after refresh 
Vase= Bootstrap voltage immediately after upper turn-on 
Cas = Bootstrap Capacitance 

Qg = Gate charge transferred during turn-on 


Were it not for the internal charge pump, the voltage on the 
bootstrap capacitor and the gate capacitor (because an 
upper MOSFET is now turned on) would eventually drain 
down to zero due to bootstrap diode leakage current and the 
very small supply current associated with the level-shifters 
and upper gate driver sub-circuits. 


In PWM switch-mode, the switching frequency is equal to the 
reciprocal of the period between successive turn-on (or turn- 
off) pulses. Between any two turn-on gate pulses exists one 
turn-off pulse. Each time a turn-off pulse is issued to an 
upper MOSFET, the bootstrap capacitor of that MOSFET 
begins its “refresh” cycle. A refresh cycle ends when the 
upper MOSFET is turned on again, which varies depending 
on the PWM frequency and duty cycle. As the duty cycle 
approaches 100%, the available “off-time”, tors approaches 
zero. Equation 2 shows the relationship between tors fpwau 
and the duty cycle. 


t = (1-—DC)/f (EQ.2) 


OFF PWM 


As soon as the upper MOSFET is turned off, the voltage on 
the phase terminal (the source terminal of the upper MOS- 
FET) begins its descent toward the negative rail of the high 
voltage bus. When the phase terminal voltage becomes less 
than the Voc voltage, refreshing (charging) of the bootstrap 
capacitor begins. As long as the phase voltage is below Voc 
refreshing continues until the bootstrap and Vcc voltages 
are equal. 


The off-time of the upper MOSFET is dependent on the gate 
control input signals, but it can never be shorter than the 
dead-time delay setting, which is set by the resistors con- 
necting HDEL and LDEL to Vgg. If the bootstrap capacitor is 


not fully charged by the time the upper MOSFET turns on 
again, incomplete refreshing occurs. The designer must 
insure that the dead-time setting be consistent with the size 
of the bootstrap capacitor in order to guarantee complete 
refreshing. Figure 6 illustrates the circuit path for refreshing 


the bootstrap capacitor. 
HIGH VOLTAGE BUS Vpus 


HIP 4081 


OPPIPIGIPIIIIIIISH, 


TO “B-SIDE” 
OF 
H-BRIDGE 


PAPAL aw 


NOTE: Only “A-side” of H-bridge Is Shown for Simplicity. 
Arrows Show Bootstrap Charging Path. 


FIGURE 6. BOOTSTRAP CAPACITOR CHARGING PATH 


The bootstrap charging and discharging paths should be 
kept short, minimizing the inductance of these loops as men- 
tioned in the section, “Lower Bias Supply Design”. 


Bootstrap Circuit Design - An Example 


Equation 1 describes the relationship between the gate 
charge transferred to the MOSFET upon turn-on, the size of 
the bootstrap capacitor and the change in voltage across the 
bootstrap capacitor which occurs as a result of turn-on 
charge transfer. 


The effects of reverse leakage current associated with the 
bootstrap diode and the bias current associated with the 
upper gate drive circuits also affect bootstrap capacitor siz- 
ing. At the instant that the upper MOSFET turns on and its 
source voltage begins to rapidly rise, the bootstrap diode 
becomes rapidly reverse biased resulting in a reverse recov- 
ery charge which further depletes the charge on the boot- 
strap capacitor. To completely model the total charge 
transferred during turn-on of the upper MOSFETs, these 
effects must be accounted for, as shown in Equation 3. 


APPLICATION 
NOTES 


(| ee 
QA + Qar oP _D am QBS 
— PWM (EQ.3) 
eS Vasi~ Vase 
where: 


lpg = Bootstrap diode reverse leakage current 
laps = Upper supply quiescent current 
Qrar = Bootstrap diode reverse recovered charge 
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Qe = Turn-on gate charge transferred 
fpwa = PWM operating frequency 
Ves; = Bootstrap capacitor voltage just after refresh 
Vase = Bootstrap capacitor voltage just after upper turn on 
Cas = Bootstrap capacitance 


From a practical standpoint, the bootstrap diode reverse 
leakage and the upper supply quiescent current are negligi- 
ble, particularly since the HIP4081’s internal charge pump 
continuously sources a minimum of about 30pA. This current 
more than offsets the leakage and supply current compo- 
nents, which are fixed and not a function of the switching fre- 
quency. The higher the switching frequency, the lower is the 
charge effect contributed by these components and their 
effect on bootstrap capacitor sizing is negligible, as shown in 
Equation 3. Supply current due to the bootstrap diode recov- 
ery charge component increases with switching frequency 
and generally is not negligible. Hence the need to use a fast 
recovery diode. Diode recovery charge information can usu- 
ally be found in most vendor data sheets. 


For example, if we choose a Harris IRF520R power 
MOSFET, the data book states a gate charge, Qg, of 12nC 
typical and 18nC maximum, both at Vps = 12V. Using the 
maximum value of 18nC the maximum charge we should 
have to transfer will be less than 18nC. 


Suppose a General Instrument UF4002, 100V, fast recovery, 
1A, miniature plastic rectifier is used. The data sheet gives a 
reverse recovery time of 25ns. Since the recovery current 
waveform is approximately triangular, the recovery charge can 
be approximated by taking the product of half the peak reverse 
Current magnitude (1A peak) and the recovery time duration 
(25ns). In this case the recovery charge should be 12.5nC. 


Since the internal charge pump offsets any possible diode 
leakage and upper drive circuit bias currents, these sources 
of discharge current for the bootstrap capacitor will be 
ignored. The bootstrap capacitance required for the example 
above can be calculated as shown in Equation 4, using 
Equation 2. 


_ 18nC + 12.5nC 


C ss. saemmapicinccoasaeecenmanees 
BS 12.0-11.0 


(EQ. 4) 


Therefore a bootstrap capacitance of 0.033uF will result in 
less than a 1.0V droop in the voltage across the bootstrap 
Capacitor during the turn-on period of either of the upper 
MOSFETs. If typical values of gate charge and bootstrap 
diode recovered charge are used rather than the maximum 
value, the voltage droop on the bootstrap supply will be only 
about 0.5V 


Power Dissipation and Thermal Design 


One way to model the power dissipated in the HIP4081 is by 
lumping the losses into static losses and dynamic (switching) 
losses. The static losses are due to bias current losses for 
the upper and lower sections of the IC and include the sum 
of the loc and Ipp currents when the IC is not switching. The 
quiescent current is approximately 9mA. Therefore with a 
12V bias supply, the static power dissipation in the IC is 
slightly over 100mW. 


The dynamic losses associated with switching the power 
MOSFETs are much more significant and can be divided 
into the following categories: 


e Low Voltage Gate Drive (charge transfer) 
¢ High Voltage Level-shifter (V-1) Losses 
¢ High Voltage Level-shifter (charge transfer) 


In practice, the high voltage level-shifter and charge transfer 
losses are small compared to the gate drive charge transfer 
losses. 


The more significant low voltage gate drive charge transfer 
losses are caused by the movement of charge in and out of 
the equivalent gate-source capacitor of each of the 4 MOS- 
FETs comprising the H-bridge. The loss is a function of 
PWM (switching) frequency, the applied bias voltage, the 
equivalent gate-source Capacitance and a minute amount of 
CMOS gate charge internal to the HIP4081. The low voltage 
charge transfer losses are given by Equation 5. 


Pswio = 'pwa * (Qg + Qc) X Veias (EQ. 5) 
The high voltage level-shifter power dissipation is much 
more difficult to evaluate, although the equation which 
defines it is simple as shown in Equation 6. The difficulty 
arises from the fact that the level-shift current pulses, lon 
and loge, are not perfectly in phase with the voltage at the 
upper MOSFET source terminals, Vsj4-7 due to propagation 
delays within the IC. These time-dependent source voltages 
(or “phase” voltages) are further dependent on the gate 
Capacitance of the driven MOSFETs and the type of load 
(resistive, capacitive or inductive) which determines how 
rapidly the MOSFETs turn on. For example, the level-shifter 
lon and lo¢¢ pulses may come and go and be latched by the 
upper logic circuits before the phase voltage even moves. As 
a result, little level-shift power dissipation may result from the 
ion Pulse, whereas the lor pulse may have a significant 
power dissipation associated with it, since the phase voltage 
generally remains high throughout the duration of the iors 
pulse. 

(EQ. 6) 


PSHIFT = ={t (lon (0 +lope (D ) XVop ip (t) x at 


Lastly, there is power dissipated within the IC due to charge 
transfer in and out of the capacitance between the upper 
driver circuits and Vss. Since it is a charge transfer phenom- 
ena, it closely resembles the form of Equation 5, except that 
the capacitance is much smaller than the equivalent gate- 
source capacitances associated with power MOSFETs. On 
the other hand, the voltages associated with the level-shift- 
ing function are much higher than the voltage changes expe- 
rienced at the gate of the MOSFETs. The relationship is 
shown in Equation 7. 


P x f (EQ. 7) 


_ 2 
tus — Stus * YsHiet * fpwe 


The power associated with each of the two high voltage tubs 
in the HIP4081 derived from Equation 7 is quite small, due to 
the extremely small capacitance associated with these tubs. 
A “tub” is the isolation area which surrounds and isolates the 
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high side circuits from the ground referenced circuits of the 
IC. The important point for users.is that the power dissipated 
is linearly related to switching frequency and the square of 
the applied bus voltage. 


The tub capacitance in Equation 7 varies with applied volt- 
age, Vspie7, Making its solution difficult, and the phase shift 
of the Io, and lo¢¢ pulses with respect to the phase voltage, 
Vsniet in Equation 6 are difficult to measure. Even the Qic in 
Equation 5 is not easy to measure. Hence the use of Equa- 
tion 5 through Equation 7 to calculate total power dissipation 
is at best difficult. The equations do, however, allow users to 
understand the significance that MOSFET choice, switching 
frequency and bus voltage play in determining power dissi- 
pation. This knowledge can lead to corrective action when 
power dissipation becomes excessive. 


Fortunately, there is an easy method which can be used to 
measure the components of power dissipation rather than 
calculating them, except for the tiny “tub capacitance” com- 
ponent. 


Power Dissipation, the Easy Way 


The average power dissipation associated with the IC and 
the gate of the connected MOSFETs can easily be mea- 
sured using a signal generator, an averaging milliameter and 
a voltmeter. 


Low Voltage Power Dissipation 


Two sets of measurements are required. The first set uses 
the circuit of Figure 7 and evaluates all of the low voltage 
power dissipation components. These components include 
the MOSFET gate charge and internal CMOS charge trans- 
fer losses shown in Equation 5 as well as the quiescent bias 
current losses associated with the IC. The losses are calcu- 
lated very simply by calculating the product of the bias volt- 
age and current measurements as performed using the 
circuit shown in Figure 8. For measurement purposes, the 
phase terminals (AHS and BHS) for both A and B phases 
are both tied to the chip common, Vsg terminal, along with 
the lower source terminals, ALS and BLS. Capacitors equal 
to the equivalent gate-source capacitance of the MOSFETs 
are connected from each gate terminal to Vss. The value of 
the capacitance chosen comes from the MOSFET manufac- 
turers data sheet. Notice that the MOSFET data sheet usu- 
ally gives the value in units of charge (usually nano- 
coulombs) for different drain-source voltages. Choose the 
drain-source voltage closest to the particular DC bus voltage 
of interest. 


Simply substituting the actual MOSFETs for the capacitors, 
C,, doesn’t yield the correct average current because the 
Miller capacitance will not be accounted for. This is because 
the drains don’t switch using the test circuit shown in 
Figure 7. Also the gate capacitance of the devices you are 
using may not represent the maximum values which only the 
data sheet will provide. 


HIP4081 


ae 


FIGURE 7. LOW VOLTAGE POWER DISSIPATION TEST 
CIRCUIT 


The low voltage charge transfer switching currents are 
shown in Figure 8. Figure 8 does not include the quiescent 
bias current component, which is the bias current which 
flows in the IC when switching is disabled. The quiescent 
bias current component is approximately 10mA. Therefore 
the quiescent power loss at 12V would be 120mW. Note that 
the bias current at a given switching frequency grows almost 
proportionally to the load capacitance, and the current is 
directly proportional to switching frequency, as previously 


suggested by Equation 5. 
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FIGURE 8. LOW VOLTAGE BIAS CURRENT Ipp (LESS QUIES- 
CENT COMPONENT) vs FREQUENCY AND GATE 
LOAD CAPACITANCE 


High Voltage Power Dissipation 


The high voltage power dissipation component is largely 
comprised of the high voltage level-shifter component as 
described by Equation 6. All of the difficulties associated 
with the time variance of the Io, and loge pulses and the 
level shift voltage, Vspie7, under the integrand in Equation 6 
are avoided. For completeness, the total loss must include a 
small leakage current component, although the latter is usu- 
ally smaller compared to the level-shifter component. The 
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high voltage power loss calculation is the product of the high 
voltage bus voltage level, Vays, and the average high volt- 
age bus current, Ipys, as measured by the circuit shown in 
Figure 9. Averaging meters should be used to make the 
measurements. 


Bus 
(OVDC TO s0VDC) 
C, = GATE LOAD CAPACITANCE } 


FIGURE 9. HIGH VOLTAGE LEVEL-SHIFT CURRENT TEST 
CIRCUIT 


Figure 10 shows that the high voltage level-shift current var- 
ies directly with switching frequency. This result should not 
be surprising, since Equation 6 can be re-arranged to show 
the current as a function of frequency, which is the reciprocal 
of the switching period, 1/T. Notice that the current increases 
somewhat with applied bus voltage. This is due to the finite 
output resistance of the level-shift transistors in the IC. 


TT TTT TT yy 
ead 


LEVEL-SHIFT CURRENT (A) 


1 2 5 10 20 
SWITCHING FREQUENCY (kHz) 


50 100 200 500 1000 


FIGURE 10. HIGH VOLTAGE LEVEL-SHIFT CURRENT vs 
FREQUENCY AND BUS VOLTAGE 


Layout Problems and Effects 


In fast switching, high frequency systems, proper PC board 
layout is crucial. to consider PCB layout. The HIP4081 
pinout configuration encourages tight layout by placing the 
gate drive output terminals strategically along the right side 
of the chip (pin 1 is in the upper left-hand corner). This pro- 
vides for short gate and source return leads connecting the 
IC with the power MOSFETs. 


Always minimize the series inductance in the gate drive loop 
by running the gate leads to the MOSFETs over the top of 
the source return leads of the MOSFETs. A double-sided 
PCB makes this easy. The PC board separates the traces 
and provides a small amount of capacitance as well as 
reducing the loop inductance by reducing the encircled area 
of the gate drive loop. The result is reduced ringing which 
can similarly reduce drain current modulate in the MOSFET. 
The table below summarizes some layout problems which 
can occur and the corrective action to take. 


The Bootstrap circuit path should also be kept short. This 
minimizes series inductance that may cause the voltage on 
the boot-strap capacitor to ring, slowing down refresh or 
Causing an overvoltage on the bootstrap bias supply. 


A compact power circuit layout (short circuit path between 
upper/lower power switches) minimizes ringing on the phase 
lead(s) keeping BHS and AHS voltages from ringing exces- 
sively below the Vss terminal which can cause excessive 
charge extraction from the substrate and possible malfunc- 
tion of the IC. 


PROBLEM 


Bootstrap circuit path 
too long 


Inductance may cause voltage on boot- 
strap capacitor to ring, slowing down 
refresh and/or causing an overvoitage 
on the bootstrap bias supply. 


Lack of tight power 
circuit layout (long 
Circuit path between 
upper/lower power 
switches) 


Can cause ringing on the phase lead(s) 
causing BHS and AHS to ring exces- 
sively below the Vszg terminal causing 
excessive charge extraction from the 
substrate and possible malfunction of 
the IC. 


Excessive gate lead 
lengths 


Can cause gate voltage ringing and 
subsequent modulation of the drain cur- 
rent and impairs the effectiveness of the 
sink driver from minimizing the miller ef- 
fect when an opposing switch is being 
rapidly turned on. 
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Quick Help Table 


The quick help table has been included to help locate solu- 
tions to problems you may have in applying the HIP4081. 


PROBLEM EFFECT 


Low chip bias voltages | May cause power MOSFETs to exhibit ex- 
(Voc and Vpp) cessive Rpson, possibly overheating 
them. Below 6V, the IC will not function 
properly. 
At Vpp voltages above about 12V. The 
charge pump limiter will begin to operate, 
in turn drawing heavier Vpp current. 
Above 16V, breakdown may occur. 


High chip bias voltag- 
eS (Voc and Vop) 


Bootstrap capacitor(s) 
too small 


May cause insufficient or soft charge de- 
livery to MOSFETs at turn-on causing 
MOSFET overheating. Charge pump will 
pump charge, but possibly not quickly 
enough to avoid excessive switching loss- 
es. 


Dead time may need to be increased in or- 
der to allow sufficient bootstrap refresh 
time. The alternative is to decrease boot- 
strap Capacitance. 


Smaller values of Rgare reduces turn-or/ 
off times and may cause excessive emi 
problems. Incorporating a series gate 
resistor with an anti-parallel diode can 
solve EMI problem and add to the dead 
time, reducing shoot-through tendency. 


Bootstrap capacitor(s) 
too large 


Reate too small 


Increases switching losses and MOSFET 
heating. If anti-parallel diode mentioned 
above is in backwards, turn-off time is in- 
creased, but turn-on time is not, possibly 
causing a shoot-through fault. 


Reduces “refresh” time as well as dead 
time, with increased shoot-through 
tendency. Try increasing HDEL and LDEL 
resistors (don't exceed 1mQ). 


Reate too large 


Dead time too small 


HIP4081 IC gets too 
hot 


Reduce bus voltage, switching frequency, 
choose a MOSFET with lower gate capac- 
itance or reduce bias voltage (if it is not 
below 6V to 12V). Shed some of the low 
voltage gate switching losses in the 
HIP4081 by placing a small amount of se- 
ries resistance in the leads going to the 
MOSFET gates, thereby transferring 
some of the IC losses to the resistors. 


Check that the HEN terminal is not tied 
low inadvertently. 


Lower MOSFETs turn 
on, but upper 
MOSFETs don't 


Application Demonstration PC Board 


Harris has developed a demonstration PC board to allow fast 
prototyping of numerous types of applications. The board 
was also tailored to be used to aid in characterizing the 
HIP4081device under actual operating conditions. 


Figure 11 and Figure 12 show the schematic and the silk- 
screen indicating component placement, respectively, for the 
HIP4080/81 demo board. Note that the board can be used to 
evaluate either the HIP4080 or the HIP4081, simply by 
changing a few jumpers. Refer to the appropriate application 
note for instructions on jumber placement. 


The PC board incorporates a CD4069UB to “buffer” inputs to 
the HIP4081. JMPR85, resistors R27 and R28, and capacitor 
C7 must be removed in order to implement the power up 
reset circuit described in this application note and in the 
HIP4081 data sheet, File Number 3556. 


Consistent with good design practice, the +12V bias supply 
is bypassed by capacitors C6 and C5 (at the IC terminals 
directly). Capacitor C6 is a 4.7yF tantalum, designed to 
bypass the whole PCB, whereas C5 is a 0.22uF, designed to 
bypass the HIP4081. The bootstrap capacitors, C3 and C4, 
and the high voltage bus bypass capacitors are 0.1pF, 100V 
ceramic. Ceramic is used here because of the low induc- 
tance required of these capacitors in the application. The 
bootstrap diodes are 1A, fast recovery (tara = 200ns), 100V, 
to minimize the charge loss from the bootstrap capacitors 
when the diodes become reverse-biased. 


The MOSFETs supplied with the demo board is a Harris 
IRF520, 100V, 9A device. Since it has a gate charge of 
approximately 12nC, 10Q gate resistors, R21 through R24, 
have been employed to deliberately slow down turn-on and 
turn-off of these switches. Finally, R33 and R34 provide 
adjustment of the dead-time. These are 500kQ normally set 
for 100kQ, which will result in a dead-time of approximately 
50ns. Resistors, R30 and R31 are shunt resistors (0.1Q, 2W, 
2%, wirewound) used to provide a current-limiting signal, if 
desired. These may be replaced with wire jumpers if not 
required. 


Finally, space has been provided for filter reactors, L1 and 
L2, and filter capacitors, C1 and C2, to provide filtering of 
PWM switching components from appearing at output termi- 
nals AO and BO. To facilitate placement of user-defined ICs, 
such as op-amps, comparators, etc., space for 3 fourteen pin 
standard width ICs has been reserved at the far left side of 
the demo board. The output terminations of the 3 optional 
locations are wired to holes which can be used to mount 
application-specific components, easing the process for 
building up working amplifiers for motor controls and audio 
amplifiers. 
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FIGURE 13. EVALUATION BOARD SILKSCREEN 
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HIP4080A, 80V HIGH FREQUENCY H-BRIDGE DRIVER 


Author: George E. Danz 


Introduction 


The HIP4080A is a member of the HIP408X family of High 
Frequency H-Bridge Driver ICs. A simplified application dia- 
gram of the HIP4080A IC is shown in Figure 1. The HIP408X 
family of H-Bridge driver ICs provide the ability to operate 
from 10VDC to 80VDC busses for driving H-Bridges, operat- 
ing in class-D switch-mode, whose switch elements are com- 
prised of power N-channel MOSFETs. The HIP408X family, 
packaged in both 20 pin DIP and 20 pin SOIC DIPs, provide 
peak gate current drive of 2.5A. The HIP4080A includes 
undervoltage protection, which sends a continuous gate 
turn-off pulse to all gate outputs when the Vpp voltage falls 
below a nominal 8.25 volts. The startup sequence of the 
HIP4080A is initiated when the Vpp voltage returns above a 
nominal 8.75 volts. Of course, the DIS pin must be in the low 
state for the IC to be enabled. The startup sequence turns 
on both low side outputs, ALO and BLO, so that the boot- 
strap capacitors for both sides of the H-bridge can be fully 
charged. During this time the AHO and BHO gate outputs 
are held low continuously to insure that no shoot-through 
can occur during the nominal 400ns boot-strap refresh 
period. At the end of the boot strap refresh period the out- 
puts respond normally to the state of the input control sig- 
nals. 


A combination of bootstrap and charge-pumping techniques 
is used to power the circuitry which drives the upper halves 
of the H-Bridge. The bootstrap technique supplies the high 
instantaneous current needed for turning on the power 
devices, while the charge pump provides enough current to 
“maintain” bias voltage on the upper driver sections and 
MOSFETs. Since voltages on the upper bias supply pin 
“float” along with the source terminals of the upper power 
switches, the design of this family provides voltage capability 
for the upper bias supply terminals to 95VDC. 


The HIP4080A can drive lamp loads for automotive and 
industrial applications as shown in Figure 2. When inductive 
loads are switched, flyback diodes must be placed around 
the loads to protect the MOSFET switches. 


Many applications utilize the full bridge topology. These are 
voice coil motor drives, stepper and DC brush motors, audio 
amplifiers and even power supply inverters used in uninter- 
ruptable power supplies, just to name a few. Of the above, 
voice coil motor drives and audio amplifiers can take advan- 
tage of the built-in comparator available in the HIP4080A. 
Using the output of the comparator to add some positive 
feedback, a hysteresis control, so popular with voice coil 
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motor drivers, can be implemented as shown in Figure 3. In 
the figure, R3 is fed back from the comparator output, OUT, 
to the positive input of the comparator, IN+. Capacitor, C1, 
integrates in a direction to satisfy the reference current sig- 
nal at IN. The IN- input of the comparator sums this current 
reference with a signal proportional to load current through 
resistor, R4, which comes from a differential amplifier, A1. A 
bias voltage of 6V (represents half of the bias voltage and 
the maximum rail to rail voltage of the comparator and ampli- 
fier, A1) biases the comparator’s IN+ terminal through R2 
and the amplifier, A1’s, positive summing junction. 


80V 


HIP4080A 


FIGURE 1. HIP4080A SIMPLIFIED APPLICATION DIAGRAM 


FIGURE 2. HIP4080A AS LAMP SWITCH DRIVER, DUAL HIGH/ 
LOW SWITCHES FOR AUTOMOTIVE AND INDUS- 
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When no current is flowing in either direction in the load, the 
Output of Al is exactly 6V. The reference input, IN, would 
also have to be 6V to request zero current from the bridge. 


The bridge would still switch in this case, because of the 
positive feedback connection of the HIP4080A internal com- 
parator. The frequency of oscillation of the output will be a 
function of the amount of de hysteresis gain, R3/R1 and the 
size of capacitor, C1. As the capacitor, C1, is made larger, 
the steady-state frequency of the bridge will become smaller. 
It is beyond the scope of this application note to provide a full 
analysis. A valuable characteristic of hysteresis control is 
that as the error becomes smaller (i.e. the reference and 
feedback signals match) the frequency increases. Usually 
this occurs when the load current is small or at a minimum. 
When the error signal is large, the frequency becomes very 
small, perhaps even dc. One advantage of this is that when 
currents are largest, switching losses are a minimum, and 
when switching losses are largest, the dc current component 
is small. 


The HIP408X family of devices is fabricated using a propri- 
etary Harris |C process which allows this family to switch at 
frequencies of over 500kHz. Therefore the HIP408X family is 
ideal for use in Voice coil motor, class-D audio amplifier, DC- 
DC converters and high performance AC, DC and step- 
motor control applications. 


To provide accurate dead-time control for the twin purposes 
of shoot-through avoidance and duty-cycle maximization, 
two resistors tied to pins HDEL and LDEL provide precise 
delay matching of upper and lower propagation delays, 
which are typically only 55ns. The HIP408X family of 
H-bridge drivers has enough voltage margin to be applied to 
all SELV (UL classification for operation at < 42.0V) applica- 
tions and most Automotive applications where “load dump” 
capability over 65V is required. This capability makes the 
HIP408X family a more cost-effective solution for driving N- 
channel power MOSFETs than either discrete solutions or 
other solutions relying on transformer- or opto-coupling gate- 
drive techniques as shown in Figure 1. 


The HIP4080A differs from the HIP4081A regarding the 
function of pins 2, 5, 6 and 7 of the IC and the truth table 
which governs the switching function of the two ICs. In the 
HIP4080A, pins 2, 5, 6 and 7 are labeled HEN, OUT, IN+ 
and IN-, respectively. In the HIP4081A, pins 2, 5, 6 and 7 are 
labeled BHI (B-side high input), BL! (B-side low input), ALI 
(A-side low input) and AHI (A-side high input), respectively. 
The HIP4081A’s inputs individually control each of the four 
power MOSFETs, or in pairs (excepting the shoot-through 
case). The HIP4080A provides an internal comparator and a 
“high enable...HEN” pin. The comparator can be used to pro- 
vide a PWM logic signal to switch the appropriate MOSFETs 
within the H-bridge, and can facilitate “Hysteresis” control to 
be illustrated later. The HEN pin enables (when HEN is high) 
or disables (when HEN is low) the A-side and B-side upper 
MOSFETs. With HEN held low, it is possible to switch only 
the lower H-bridge MOSFETs. When HEN is high both upper 
and lower MOSFETs of the H-bridge are switched. The HEN 
input can also be PWM-switched with the IN+ and IN- inputs 
used only for direction control, thereby minimizing switching 
losses. 


Description of the HIP4080A 


The block diagram of the HIP4080A relating to driving the 
A-side of the H-Bridge is shown in Figure 4. The blocks 
associated with each side of the H-Bridge are identical, so 
the B-side is not shown for simplicity. 


The two bias voltage terminals, Vcc and Vpp, on the 
HIP4080A should be tied together. They were separated 
within the HIP4080A to avoid possible ground loops internal 
to the IC. Tieing them together and providing a decoupling 
Capacitor from the common tie-point to Vss greatly improves 
noise immunity. 


input Logic 


The HIP4080A accepts inputs which control the output state 
of the power MOSFET H-bridge and provides a comparator 
output pin, OUT, which can provide compensation or hyster- 
esis. 


The DIS, “Disable,” pin disables gate drive to all H-bridge 
MOSFETs regardless of the command states of the input 
pins, IN+, IN- and HEN. The state of the bias voltage, Vpp, 
also can disable all gate drive as discussed in the introduc- 
tion. The HEN, “High Enable,” pin enables and disables gate 
drive to the two high side MOSFETs. A high level on the 
HEN pin “enables” high side gate drive as further deter- 
mined by the states of the IN+ and IN- comparator input 
pins, since the IN+ and IN- pins control which diagonal pair 
of MOSFETs are gated. Upper drive can be “modulated” 
through use of the HEN pin while drive to diagonally oppos- 
ing lower MOSFETs is continuous. To simultaneously modu- 
late both upper and lower drivers, HEN is continuously held 
high while modulating the IN+ and IN- pins. 


Modulating only the upper switches can nearly halve the 
switching losses in both the driver IC and in the lower MOS- 
FETs. The power dissipation saved at high switching fre- 
quencies can be significant. Table 1 summarizes the input 
control logic. 


The input sensitivity of the DIS and HEN input pins are best 
described as “enhanced TTL’ levels. Inputs which fall below 
1.0V or above 2.5V are recognized, respectively, as low level 
or high level inputs. The IN+ and IN- comparator inputs have 
a common mode input voltage range of 1.0V to Vpop -1.5V, 
whereas the offset voltage is less than 5mV. For more infor- 
mation on the comparator specifications, see Harris Data 
Sheet HIP4080A, File Number 3658. 


TABLE 1. INPUT LOGIC TRUTH TABLE 


eI 


1 = HIGH/ON 


0 = LOW/OFF 
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FIGURE 3. HYSTERESIS MODE SWITCHING 
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FIGURE 4. HIP4080A BLOCK DIAGRAM 
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Propagation Delay Control 


Propagation delay control is a major feature of the 
HIP4080A. Two identical sub-circuits within the IC delay the 
commutation of the power MOSFET gate turn-on signals for 
both A and B sides of the H-bridge. The gate turn-off signals 
are not delayed. Propagation delays related to the level- 
translation function (see section on Level-Translation) cause 
both upper on/off propagation delays to be longer than the 
lower on/off propagation delays. Four delay sub-circuits are 
needed to fully balance the H-bridge delays, two for upper 
delay control and two for lower gate control. 


Users can tailor the low side to high side commutation delay 
times by placing a resistor from the HDEL pin to the Vgg pin. 
Similarly, a resistor connected from LDEL to Vgg controls the 
high side to low side commutation delay times of the lower 
power switches. The HDEL resistor controls both upper com- 
mutation delays and the LDEL resistor controls the lower 
commutation delays. Each of the resistors sets a current 
which is inversely proportional to the created delay. The 
delay is added to the falling edge of the “off” pulse associ- 
ated with the MOSFET which is being commutated off. 
When the delay is complete, the “on” pulse is initiated. This 
has the effect of “delaying” the commanded on pulse by the 
amount set by the delay, thereby creating dead-time. 


Proper choice of resistor values connected from HDEL and 
LDEL to Vssg provides a means for matching the commuta- 
tion dead times whether commutating high to low or low to 
high. Values for the resistors ranging from 10kQ to 200kQ 
are recommended. Figure 5 shows the delays obtainable as 
a function of the resistor values used. 

150 


z S 


DEAD-TIME (ns) 
3 


0 
10 50 100 150 200 250 


HDEL/LDEL RESISTANCE (kQ) 
FIGURE 5. MINIMUM DEAD-TIME vs DEL RESISTANCE 


Level-Translation 


The lower power MOSFET gate drive signals from the prop- 
agation delay and control circuits go to amplification circuits 
which are described in more detail under the section “Driver 
Circuits”. The upper power MOSFET gate drive signals are 
directed first to the Level-Translation circuits before going to 
the upper power MOSFET “Driver Circuits”. 


The Level-Translation circuit communicate “on” and “off” 
pulses from the Propagation Delay sub-circuit to the upper 
logic and gate drive sub-circuits which “float” at the potential 


of the upper power MOSFET source connections. This volt- 
age can be as much as 85V when the bias supply voltage is 
only 10V (the sum of the bias supply voltage and bus volt- 
ages must not exceed 95VDC). 


In order to minimize power dissipation in the level-shifter cir- 
cuit, it is important to minimize the width of the pulses trans- 
lated because the power dissipation is proportional to the 
product of switching frequency and pulse energy in joules. 
The pulse energy in turn is equal to the product of the bus 
voltage magnitude, translation pulse current and translation 
pulse duration. To provide a reliable, noise free pulse 
requires a nominal current pulse magnitude of approximately 
3mA. The translated pulses are then “latched” to maintain 
the “on” or “off” state until another level-translation pulse 
comes along to set the latch to the opposite state. Very reli- 
able operation can be obtained with pulse widths of approxi- 
mately 80ns. At a switching frequency of even 1.0MHz, with 
an 80VDC bus potential, the power developed by the level- 
translation circuit will be less than 0.08W. 


Charge Pump Circuits 


There are two charge pump circuits in the HIP4080A, one for 
each of the two upper logic and driver circuits. Each charge 
pump uses a switched capacitor doubler to provide about 
30pA to 50uA of gate load current. The sourcing current 
charging capability drops off as the floating supply voltage 
increases. Eventually the gate voltage approaches the level 
set by an internal zener clamp, which prevents the voltage 
from exceeding about 15V, the safe gate voltage rating of 
most commonly available MOSFETs. 


Driver Circuits 


Each of the four output drivers are comprised of bipolar high 
speed NPN transistors for both sourcing and sinking gate 
charge to and from the MOSFET switches. In addition, the 
sink driver incorporates a parallel-connected n-channel 
MOSFET to enable the gate of the power switch gate-source 
voltage to be brought completely to OV. 


The propagation delays through the gate driver sub-circuits 
while driving 500pF loads is typically less than 10ns. Never- 
theless, the gate driver design nearly eliminates all gate 
driver shoot-through which significantly reduces IC power 
dissipation. 


Application Considerations 


To successfully apply the HIP4080A the designer should 
address the following concerns: 


e¢ General Bias Supply Design Issues 
e¢ Upper Bias Supply Circuit Design 

e Bootstrap Bias Supply Circuit Design 
General Blas Supply Design Issues 


The bias supply design is simple. The designer must first 
establish the desired gate voltage for turning on the power 
switches. For most power MOSFETs, increasing the gate- 
source voltage beyond 10V yields little reduction in switch 
drain-source voltage drop. 


11-267 


APPLICATION 


NOTES 


Application Note 9404 


Overcharging the power switch’s gate-source capacitance 
also delays turn-off, increases MOSFET switching losses 
and increases the energy to be switched by the gate driver of 
the HIP4080A, which increases the dissipation within the 
HIP4080A. Overcharging the MOSFET gate-source capaci- 
tance also can lead to “shoot-through” where both upper and 
lower MOSFETs in a single bridge leg find themselves on 
simultaneously, thereby shorting out the high voltage DC bus 
supply. Values close to 12V are optimum for supplying Vpp 
and Vcc, although the HIP4080A will operate up to 15V. 


Lower Bias Supply Design 


Since most applications use identical MOSFETs for both 
upper and lower power switches, the bias supply require- 
ments with respect to driving the MOSFET gates will also be 
identical. In case switching frequencies for driving upper and 
lower MOSFETs differ, two sets of calculations must be 
done; one for the upper switches and one for the lower 
switches. The bias current budget for upper and lower 
switches will be the sum of each calculation. 


Always keep in mind that the lower bias supply must supply 
current to the upper gate drive and logic circuits as well as 
the lower gate drive circuits and logic circuits. This is due to 
the fact that the low side bias supplies (Voc/Vpp) charge the 
bootstrap capacitors and the charge pumps, which maintain 
voltage across the upper power switch’s gate-source termi- 
nals. 


Good layout practice and capacitor bypassing technique 
avoids transient voltage dips of the bias power supply to the 
HIP4080A. Always place a low ESR (equivalent series resis- 
tance) ceramic capacitor adjacent to the IC, connected 
between the bias terminals Vcc and Vpp and the common 
terminal, Vgg of the IC. A value in the range of 0.22uF and 
0.5yF is usually sufficient. 


Minimize the effects of Miller feedback by keeping the source 
and gate return leads from the MOSFETs to the HIP4080A 
short. This also reduces ringing, by minimizing the length 
and the inductance of these connections. Another way to 
minimize inductance in the gate charge/discharge path, in 
addition to minimizing path length, is to run the outbound 
gate lead directly “over” the source return lead. Sometimes 
the source return leads can be made into a small “ground 
plane” on the back side of the PC board making it possible to 
run the outbound gate lead “on top” of the board. This mini- 
mizes the “enclosed area” of the loop, thus minimizing induc- 
tance in this loop. It also adds some capacitance between 
gate and source which shunts out some of the Miller feed- 
back effect. 


Upper Bias Supply Circult Design 


Before discussing bootstrap circuit design in detail, it is 
worth mentioning that it is possible to operate the HIP4080A 
without a bootstrap circuit altogether. Even the bootstrap 
capacitor, which functions to supply a reservoir of charge for 
rapidly turning on the MOSFETs is optional in some cases. 
In situations where very slow turn-on of the MOSFETs is tol- 
erable, one may consider omitting some or all bootstrap 
components. Applications such as driving relays or lamp 


loads, where the MOSFETs are switched infrequently and 
switching losses are low, may provide opportunities for boot 
strapless operation. Generally, loads with a lot of resistance 
and inductance are possible candidates. 


Operating the HIP4080A without a bootstrap diode and/or 
capacitor will severely slow gate turn-on. Without a bootstrap 
capacitor, gate current only comes from the internal charge 
pump. The peak charge pump current is only about 30u/A to 
501A. The gate voltage waveform, when operating without a 
bootstrap capacitor, will appear similar to the dotted line 
shown in Figure 6. 


If a bootstrap capacitor value approximately equal to the 
equivalent MOSFET gate capacitance is used, the upper 
bias supply (labeled “bootstrap voltage” in Figure 6) will drop 
approximately in half when the gate is turned on. The larger 
the bootstrap capacitance used, the smaller is the instanta- 
neous drop in bootstrap supply voltage when an upper 
MOSFET is turned on. 


GATE 
INITIATION 
SIGNAL 


BOOT STRAP 
VOLTAGE 
(XHB - XHS) 


GATE VOLTAGE 
(XHO - XHS) 


FIGURE 6.. 


Although not recommended, one may employ a bootstrap 
Capacitor without a bootstrap diode. In this case the charge 
pump is used to charge up a capacitor whose value should 
be much larger than the equivalent gate-source capacitance 
of the driven MOSFET. A value of bootstrap capacitance 
about 10 times greater than the equivalent MOSFET gate- 
source Capacitance is usually sufficient. Provided that suffi- 
cient time elapses before turning on the MOSFET again, the 
bootstrap capacitor will have a chance to recharge to the 
voltage value that the bootstrap capacitor had prior to turn- 
ing on the MOSFET. Assuming 2Q of series resistance is in 
the bootstrap change path, an output frequency of up 
to 1 should allow sufficient refresh time. 
5 x2Qx Cas 


A bootstrap capacitor 10 times larger than the equivalent 
gate-source capacitance of the driven MOSFET prevents the 
drop in bootstrap supply voltage from exceeding 10% of the 
bias supply voltage during turn-on of the MOSFET. When 
operating without the bootstrap diode the time required to 
replenish the charge on the bootstrap capacitor will be the 
same time as it would take to charge up the equivalent gate 
Capacitance from OV. This is because the charge lost on the 
bootstrap capacitor is exactly equal to the charge transferred 
to the gate capacitance during turn-on. Note that the very 
first time that the bootstrap capacitor is charged up, it takes 
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much longer to do so, since the capacitor must be charged 
from OV. With a bootstrap diode, the initial charging of the 
bootstrap supply is almost instantaneous, since the charge 
required comes from the low-side bias supply. Therefore, 
before any upper MOSFETs can initially be gated, time must 
be allowed for the upper bootstrap supply to reach full volt- 
age. Without a bootstrap diode, this initial “charge” time can 
be excessive. 


If the switching cycle is assumed to begin when an upper 
MOSFET is gated on, then the bootstrap capacitor will 
undergo a charge withdrawal when the source driver con- 
nects it to the equivalent gate-source capacitance of the 
MOSFET. After this initial “dump” of charge, the quiescent 
current drain experienced by the bootstrap supply is infini- 
tesimal. In fact, the quiescent supply current is more than 
offset by the charge pump current. 


The charge pump continuously supplies current to the boot- 
strap supply and eventually would charge the bootstrap 
capacitor and the MOSFET gate capacitance back to its ini- 
tial value prior to the beginning of the switching cycle. The 
problem is that “eventually” may not be fast enough when the 
switching frequency is greater than a few hundred Hz. 


Bootstrap Bias Supply Circuit Design 


For high frequency applications all bootstrap components, 
both diodes and capacitors, are required. Therefore, one 
must be familiar with bootstrap capacitor sizing and proper 
choice of bootstrap diode. 


Just after the switch cycle begins and the charge transfer 
from the bootstrap capacitor to the gate capacitance is com- 
plete, the voltage on the bootstrap capacitor is the lowest 
that it will ever be during the switch cycle. The charge lost on 
the bootstrap capacitor will be very nearly equal to the 
charge transferred to the equivalent gate-source capaci- 
tance of the MOSFET as shown in Equation 1. 


Qg = (Ves; — Vaso) X Pgs 


where: 


(EQ.1) 


Vgsi= Bootstrap voltage immediately before turn-on 
Vgse= Bootstrap voltage immediately after turn-on 
Cgs = Bootstrap Capacitance 

Qe = Gate charge transferred during turn-on 


Were it not for the internal charge pump, the voltage on the 
bootstrap capacitor and the gate capacitor (because an 
upper MOSFET is now turned on) would eventually drain 
down to zero due to bootstrap diode leakage current and the 
very small supply current associated with the level-shifters 
and upper gate driver sub-circuits. 


In PWM switch-mode, the switching frequency is equal to the 
reciprocal of the period between successive turn-on (or turn- 
off) pulses. Between any two turn-on gate pulses exists one 
turn-off pulse. Each time a turn-off pulse is issued to an 
upper MOSFET, the bootstrap capacitor of that MOSFET 
begins its “refresh” cycle. A refresh cycle ends when the 
upper MOSFET is turned on again, which varies depending 
on the PWM frequency and duty cycle. As the duty cycle 
approaches 100%, the available “off-time”, tors approaches 
zero. Equation 2 shows the relationship between torr fpwau 
and the duty cycle. 


tore = (1—DC)/foway (EQ.2) 
As soon as the upper MOSFET is turned off, the voltage on 
the phase terminal (the source terminal of the upper MOS- 
FET) begins its descent toward the negative rail of the high 
voltage bus. When the phase terminal voltage becomes less 
than the Voc voltage, refreshing (charging) of the bootstrap 
capacitor begins. As long as the phase voltage is below Voc 
refreshing continues until the bootstrap and Vcc voltages 
are equal. 


The off-time of the upper MOSFET is dependent on the gate 
control input signals, but it can never be shorter than the 
dead-time delay setting, which is set by the resistors con- 
necting HDEL and LDEL to Vgg. If the bootstrap capacitor is 
not fully charged by the time the upper MOSFET turns on 
again, incomplete refreshing occurs. The designer must 
insure that the dead-time setting be consistent with the size 
of the bootstrap capacitor in order to guarantee complete 
refreshing. Figure 7 illustrates the circuit path for refreshing 
the bootstrap capacitor. 
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NOTE: Only “A-side” of H-bridge Is Shown for Simplicity. 
Arrows Show Bootstrap Charging Path. 


FIGURE 7. BOOTSTRAP CAPACITOR CHARGING PATH 


The bootstrap charging and discharging paths should be 
kept short, minimizing the inductance of these loops as men- 
tioned in the section, “Lower Bias Supply Design”. 


Bootstrap Circult Design - An Example 


Equation 1 describes the relationship between the gate 
charge transferred to the MOSFET upon turn-on, the size of 
the bootstrap capacitor and the change in voltage across the 
bootstrap capacitor which occurs as a result of turn-on 
charge transfer. 


The effects of reverse leakage current associated with the 
bootstrap diode and the bias current associated with the 
upper gate drive circuits also affect bootstrap capacitor siz- 
ing. At the instant that the upper MOSFET turns on and its 
source voltage begins to rapidly rise, the bootstrap diode 
becomes rapidly reverse biased resulting in a reverse recov- 
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ery charge which further depletes the charge on the boot- 
strap capacitor. To completely model the total charge 
transferred during turn-on of the upper MOSFETs, these 
effects must be accounted for, as shown in Equation 3. 


(Ingt! ) 
Q,+Qon+ DR QBS 
f 
PWM 
Cas a y =9 (EQ.3) 
BS1 BS2 
where: 


lon = Bootstrap diode reverse leakage current 
lags = Upper supply quiescent current 
Qar = Bootstrap diode reverse recovered charge 
Qg = Turn-on gate charge transferred 
fpwu = PWM operating frequency 
Ves; = Bootstrap capacitor voltage just after refresh 
Veso = Bootstrap capacitor voltage just after upper turn on 
Cgs = Bootstrap capacitance 


From a practical standpoint, the bootstrap diode reverse 
leakage and the upper suppiy quiescent current are negligi- 
ble, particularly since the HIP4080A’s internal charge pump 
continuously sources a minimum of about 301A. This current 
more than offsets the leakage and supply current compo- 
nents, which are fixed and not a function of the switching fre- 
quency. The higher the switching frequency, the lower is the 
charge effect contributed by these components and their 
effect on bootstrap capacitor sizing is negligible, as shown in 
Equation 3. Supply current due to the bootstrap diode recov- 
ery charge component increases with switching frequency 
and generally is not negligible. Hence the need to use a fast 
recovery diode. Diode recovery charge information can usu- 
ally be found in most vendor data sheets. 


For example, if we choose a Harris IRF520R power 
MOSFET, the data book states a gate charge, Qg, of 12nC 
typical and 18nC maximum, both at Vos = 12V. Using the 
maximum value of 18nC the maximum charge we should 
have to transfer will be less than 18nC. 


Suppose a General Instrument UF4002, 100V, fast recovery, 
1A, miniature plastic rectifier is used. The data sheet gives a 
reverse recovery time of 25ns. Since the recovery current 
waveform is approximately triangular, the recovery charge can 
be approximated by taking the product of half the peak reverse 
Current magnitude (1A peak) and the recovery time duration 
(25ns). In this case the recovery charge should be 12.5nC. 


Since the internal charge pump offsets any possible diode 
leakage and upper drive circuit bias currents, these sources 
of discharge current for the bootstrap capacitor will be 
ignored. The bootstrap capacitance required for the example 
above can be calculated as shown in Equation 4, using 
Equation 2. 


18nC + 12.5nC 
CBs = 12.0 — 11.0 (EQ. 4) 
Therefore a bootstrap capacitance of 0.033yF will result in 
less than a 1.0V droop in the voltage across the bootstrap 
capacitor during the turn-on period of either of the upper 
MOSFETs. If typical values of gate charge and bootstrap 


diode recovered charge are used rather than the maximum 
value, the voltage droop on the bootstrap supply will be only 
about 0.5V 


Power Dissipation and Thermal Design 


One way to model the power dissipated in the HIP4080A is 
by lumping the losses into static losses and dynamic (switch- 
ing) losses. The static losses are due to bias current losses 
for the upper and lower sections of the IC and include the 
sum of the Iog and Ipp currents when the IC is not switching. 
The quiescent current is approximately 9mA. Therefore with 
a 12V bias supply, the static power dissipation in the IC is 
slightly over 100mW. 


The dynamic losses associated with switching the power 
MOSFETs are much more significant and can be divided 
into the following categories: 


e Low Voltage Gate Drive (charge transfer) 
e High Voltage Level-shifter (V-I) Losses 
e High Voltage Level-shifter (charge transfer) 


In practice, the high voltage level-shifter and charge transfer 
losses are small compared to the gate drive charge transfer 
losses. 


The more significant low voltage gate drive charge transfer 
losses are caused by the movement of charge in and out of 
the equivalent gate-source capacitor of each of the 4 MOS- 
FETs comprising the H-bridge. The loss is a function of 
PWM (switching) frequency, the applied bias voltage, the 
equivalent gate-source capacitance and a minute amount of 
CMOS gate charge internal to the HIP4080A. The low volt- 
age charge transfer losses are given by Equation 5. 


Pswio = 'pwm X (Qg + Qc) X Veias (EQ. 5) 
The high voltage level-shifter power dissipation is much 
more difficult to evaluate, although the equation which 
defines it is simple as shown in Equation 6. The difficulty 
arises from the fact that the level-shift current pulses, lox 
and loge, are not perfectly in phase with the voltage at the 
upper MOSFET source terminals, Vsjj-7 due to propagation 
delays within the IC. These time-dependent source voltages 
(or “phase” voltages) are further dependent on the gate 
Capacitance of the driven MOSFETs and the type of load 
(resistive, capacitive or inductive) which determines how 
rapidly the MOSFETs turn on. For example, the level-shifter 
lon and log¢ pulses may come and go and be latched by the 
upper logic circuits before the phase voltage even moves. As 
a result, little level-shift power dissipation may result from the 
ion Pulse, whereas the lor¢ pulse may have a significant 
power dissipation associated with it, since the phase voltage 
generally remains high throughout the duration of the iop¢r 
pulse. 

(EQ. 6) 


PSHIFT = ={5 (lon (DO +loge (D ) X Vou ye7 (t) x dt 
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Lastly, there is power dissipated within the IC due to charge 
transfer in and out of the capacitance between the upper 
driver circuits and Vggs. Since it is a charge transfer phenom- 
ena, it closely resembles the form of Equation 5, except that 
the capacitance is much smaller than the equivalent gate- 
source capacitances associated with power MOSFETs. On 
the other hand, the voltages associated with the level-shift- 
ing function are much higher than the voltage changes expe- 
rienced at the gate of the MOSFETs. The relationship is 
shown in Equation 7. 


Poi, 0 


tTup = °ruB * fowa (EQ. 7) 


The power associated with each of the two high voltage tubs 
in the HIP4080A derived from Equation 7 is quite small, due 
to the extremely small capacitance associated with these 
tubs. A “tub” is the isolation area which surrounds and iso- 
lates the high side circuits from the ground referenced cir- 
cuits of the IC. The important point for users is that the 
power dissipated is linearly related to switching frequency 
and the square of the applied bus voltage. 


The tub capacitance in Equation 7 varies with applied voit- 
age, Vspiet, making its solution difficult, and the phase shift 
of the lox and lore pulses with respect to the phase voltage, 
Vsniet in Equation 6 are difficult to measure. Even the Qic in 
Equation 5 is not easy to measure. Hence the use of Equa- 
tion 5 through Equation 7 to calculate total power dissipation 
is at best difficult. The equations do, however, allow users to 
understand the significance that MOSFET choice, switching 
frequency and bus voltage play in determining power dissi- 
pation. This knowledge can lead to corrective action when 
power dissipation becomes excessive. 


Fortunately, there is an easy method which can be used to 
measure the components of power dissipation rather than 
calculating them, except for the tiny “tub capacitance” com- 
ponent. 


Power Dissipation, the Easy Way 


The average power dissipation associated with the IC and 
the gate of the connected MOSFETs can easily be mea- 
sured using a signal generator, an averaging millimeter and 
a voltmeter. 


Low Voltage Power Dissipation 


Two sets of measurements are required. The first set uses 
the circuit of Figure 8 and evaluates all of the low voltage 
power dissipation components. These components include 
the MOSFET gate charge and internal CMOS charge trans- 
fer losses shown in Equation 5 as well as the quiescent bias 
current losses associated with the IC. The losses are calcu- 
lated very simply by calculating the product of the bias volt- 
age and current measurements as performed using the 
circuit shown in Figure 8. For measurement purposes, the 
phase terminals (AHS and BHS) for both A and B phases 
are both tied to the chip common, Vsg terminal, along with 
the lower source terminals, ALS and BLS. Capacitors equal 
to the equivalent gate-source capacitance of the MOSFETs 
are connected from each gate terminal to Vss. The value of 
the capacitance chosen comes from the MOSFET manufac- 


turers data sheet. Notice that the MOSFET data sheet usu- 
ally gives the value in units of charge (usually nano- 
coulombs) for different drain-source voltages. Choose the 
drain-source voltage closest to the particular DC bus voltage 
of interest. 


Simply substituting the actual MOSFETs for the capacitors, 
C,, doesn’t yield the correct average current because the 
Miller capacitance will not be accounted for. This is because 
the drains don’t switch using the test circuit shown in Figure 
8. Also the gate capacitance of the devices you are using 
may not represent the maximum values which only the data 
sheet will provide. 
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FIGURE 8. LOW VOLTAGE POWER DISSIPATION TEST 
CIRCUIT 


The low voltage charge transfer switching currents are 
shown in Figure 9. Figure 9 does not include the quiescent 
bias current component, which is the bias current which 
flows in the IC when switching is disabled. The quiescent 
bias current component is approximately 10mA. Therefore 
the quiescent power loss at 12V would be 120mW. Note that 
the bias current at a given switching frequency grows almost 
proportionally to the load capacitance, and the current is 
directly proportional to switching frequency, as previously 
suggested by Equation 5. 


LOW VOLTAGE BIAS CURRENT (mA) 
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FIGURE 9. LOW VOLTAGE BIAS CURRENT lIpp AND Icg (LESS 
QUIESCENT COMPONENT) vs FREQUENCY AND 
GATE LOAD CAPACITANCE 
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High Voltage Power Dissipation 


The high voltage power dissipation component is largely 
comprised of the high voltage level-shifter component as 
described by Equation 6. All of the difficulties associated 
with the time variance of the Io, and loge pulses and the 
level shift voltage, VsiF7, under the integrand in Equation 6 
are avoided. For completeness, the total loss must include a 
small leakage current component, although the latter is usu- 
ally smaller compared to the level-shifter component. The 
high voltage power loss calculation is the product of the high 
voltage bus voltage level, Vays, and the average high volt- 
age bus current, Ipus, aS measured by the circuit shown in 
Figure 10. Averaging meters should be used to make the 
measurements. 


BUS 
(OVDC TO s0VDC) 
C, = GATE LOAD CAPACITANCE S 


FIGURE 10. HIGH VOLTAGE LEVEL-SHIFT CURRENT TEST 
CIRCUIT 


LEVEL-SHIFT CURRENT (A) 
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FIGURE 11. HIGH VOLTAGE LEVEL-SHIFT CURRENT vs 
FREQUENCY AND BUS VOLTAGE 


Figure 11 shows that the high voltage level-shift current var- 
ies directly with switching frequency. This result should not 
be surprising, since Equation 6 can be rearranged to show 
the current as a function of frequency, which is the reciprocal 
of the switching period, 1/T. The test circuit of Figure 10 


measures quiescent leakage current as well as the switching 
component. Notice that the current increases somewhat with 
applied bus voltage. This is due to the finite output resis- 
tance of the levei-shift transistors in the IC. 


Layout issues 


In fast switching, high frequency systems, poor layout can 
result in problems. It is crucial to consider PCB layout. The 
HIP4080A pinout configuration encourages tight layout by 
placing the gate drive output terminals strategically along the 
right side of the chip (pin 1 is in the upper left-hand corner). 
This provides for short gate and source return leads con- 
necting the IC with the power MOSFETs. 


Minimize the series inductance in the gate drive loop by run- 
ning the lead going out to the gate of the MOSFETs from the 
IC over the top of the return lead from the MOSFET sources 
back to the IC by using a double-sided PCB if possible. The 
PC board separates the traces and provides a small amount 
of capacitance as well as reducing the loop inductance by 
reducing the encircled area of the gate drive loop. The bene- 
fit is that the gate drive currents and voltages are much less 
prone to ringing which can similarly modulate the drain cur- 
rent of the MOSFET. The following table summarizes some 
of the layout problems which can occur and the corrective 
action to take. 


Layout Problems and Effects 


The Bootstrap circuit path should also be short to minimize 
series inductance that may cause the voltage on the boot- 
strap capacitor to ring, slowing down refresh or causing an 
overvoltage on the bootstrap bias supply. 


A compact power circuit layout (short circuit path between 
upper/lower power switches) minimizes ringing on the phase 
lead(s) keeping BHS and AHS voltages from ringing exces- 
sively below the Vss terminal which can cause excessive 
charge extraction from the substrate and possible malfunc- 
tion of the IC. 


Excessive gate lead lengths can cause gate voltage ringing 
and subsequent modulation of the drain current, thereby 
amplifying the Miller Effect. 


PROBLEM EFFECT 


Bootstrap circuit path | Inductance may cause voltage on boot- 

too long strap capacitor to ring, slowing down 
refresh and/or causing an overvoitage 
on the bootstrap bias supply. 


Lack of tight power cir- 
cuit layout (long circuit 
path between upper/ 
lower power switches) 


Can cause ringing on the phase lead(s) 
causing BHS and AHS to ring exces- 
sively below the Vss terminal causing 
excessive charge extraction from the 
substrate and possible malfunction of 
the IC. 


Excessive gate lead 
lengths 


Can cause gate voltage ringing and sub- 
sequent modulation of the drain current 
and impairs the effectiveness of the sink 
driver from minimizing the miller effect 
when an opposing switch is being rapid- 
ly turned on. 
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Quick Help Table 


The quick help table has been included to help locate solu- 
tions to problems you may have in applying the HIP4080A. 


PROBLEM EFFECT 


Low chip bias voltages | May cause power MOSFETs to exhibit ex- 

(Voc and Vpp) cessive Rogon, possibly overheating 
them. Below about 6V, the IC may not 
function properly. 


High chip bias voltag- | At Vpp voltages above about 12V. The 

@S (Voc and Vpp) charge pump limiter will begin to operate, 
in turn drawing heavier Vpp current. 
Above 16V, breakdown may occur. 


Bootstrap capacitor(s) | May cause insufficient or soft charge de- 

too small livery to MOSFETs at turn-on causing 
MOSFET overheating. Charge pump will 
pump charge, but possibly not quickly 
enough to avoid excessive switching loss- 
eS. 


Bootstrap capacitor(s) | Dead time may need to be increased in or- 

too large der to allow sufficient bootstrap refresh 
time. The alternative is to decrease boot- 
strap capacitance. 


Reate too small Smaller values of Rgare reduces turn-on/ 
off times and may cause excessive emi 
problems. Incorporating a series gate 
resistor with an anti-parallel diode can 
solve EMI problem and add to the dead 


time, reducing shoot-through tendency. 


Reate too large Increases switching losses and MOSFET 
heating. If anti-parallel diode mentioned 
above is in backwards, turn-off time is in- 
creased, but turn-on time is not, possibly 


causing a shoot-through fault. 


Reduces “refresh” time as well as dead 
time, with increased shoot-through 
tendency. Try increasing HDEL and LDEL 
resistors (don't exceed 250kQ). 


Dead time too small 


HIP4080A IC gets too | Reduce bus voltage, switching frequency, 

hot choose a MOSFET with lower gate capac- 
itance or reduce bias voltage (if it is not 
below 10V to 12V). Shed some of the low 
voltage gate switching losses in the 
HIP4080A by placing a small amount of 
series resistance in the leads going to the 
MOSFET gates, thereby transferring 
some of the IC losses to the resistors. 


Lower MOSFETs turn | Check that the HEN terminal is not tied 
on, but upper low inadvertently. 
MOSFETs don't 


Application Demonstration PC Board 


Harris has developed a demonstration PC board to allow fast 
prototyping of numerous types of applications. The board 
was also tailored to be used to aid in characterizing the 
HIP4080A and HIP4081A devices under actual operating 
conditions. 


Figure 12 and Figure 13 show the schematic and the silk- 
screen indicating component placement, respectively, for the 
HIP408X demo board. Note that the board can be used to 
evaluate either the HIP4080A or the HIP4081A, simply by 
changing a few jumpers. 


The PC board incorporates a CD4069UB to “buffer” inputs to 
the HIP4080A on input terminals IN1 and IN2. Normally the 
polarities of IN1 and IN2 should be opposite in polarity to 
obtain proper H-Bridge operation. If all 4 MOSFETs are to 
be PWM-ed, then JMPR3 should be removed (or opened). 
Also the OUT terminal of the IC should not be driven, so 
insure JMPR1 is open. Specific recommendations for work- 
ing with the HIP4081A will be discussed in the correspond- 
ing section of the application note for the HIP4081A. JMPR5 
should always be removed in order to implement the power 
up reset circuit described in data sheet HIP4080A, File Num- 
ber 3178. Resistors R27 and R28 as well as capacitor, C7 
are not required. 


Consistent with good design practice, the +12V bias supply 
is bypassed by capacitors C6 and C5 (at the IC terminals 
directly). Capacitor C6 is a 4.7pF tantalum, designed to 
bypass the whole PCB, whereas C5 is a 0.22uF, designed to 
bypass the HIP4080A. The bootstrap capacitors, C3 and C4, 
and the high voltage bus bypass capacitors are 0.1yF, 100V 
ceramic. Ceramic is used here because of the low induc- 
tance required of these capacitors in the application. The 
bootstrap diodes are 1A, fast recovery (tary = 200ns), 100V, 
to minimize the charge loss from the bootstrap capacitors 
when the diodes become reverse-biased. 


The MOSFETs supplied with the demo board is a Harris 
IRF520, 100V, 9A device. Since it has a gate charge of 
approximately 12nC, 10Q gate resistors, R21 through R24, 
have been employed to deliberately slow down turn-on and 
turn-off of these switches. Finally, R33 and R34 provide 
adjustment of the dead-time. These are 500kQ normally set 
for 100kQ, which will result in a dead-time of approximately 
50ns. Resistors, R30 and R31 are shunt resistors (0.1Q, 2W, 
2%, wirewound) used to provide a current-limiting signal, if 
desired. These may be replaced with wire jumpers if not 
required. 


Finally, space has been provided for filter reactors, L1 and 
L2, and filter capacitors, C1 and C2, to provide filtering of 
PWM switching components from appearing at output termi- 
nals AO and BO. To facilitate placement of user-defined ICs, 
such as op-amps, comparators, etc., space for 3 fourteen pin 
standard width ICs has been reserved at the far left side of 
the demo board. The output terminations of the 3 optional 
locations are wired to holes which can be used to mount 
application-specific components, easing the process for 
building up working amplifiers for motor controls and audio 
amplifiers. 
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No. AN9405 april 1994 | 
HIP4081A, 80V HIGH FREQUENCY H-BRIDGE DRIVER 


Author: George E. Danz 


Introduction 


The HIP4081A is a member of the HIP408X family of High 
Frequency H-Bridge Driver ICs. A simplified application dia- 
gram of the HIP4081A IC is shown in Figure 1. The HIP408X 
family of H-Bridge driver ICs provide the ability to operate 
from 10VDC to 80VDC busses for driving H-Bridges, operat- 
ing in class-D switch-mode, whose switch elements are com- 
prised of power N-channel MOSFETs. The HIP408X family, 
packaged in both 20 pin DIP and 20 pin SOIC DIPs, provide 
peak gate current drive of 2.5A. The HIP4081A includes 
undervoltage protection, which sends a continuous gate 
turn-off pulse to all gate outputs when the Vpp voltage falls 
below a nominal 8.25 volts. The startup sequence of the 
HIP4081A is initiated when the Vpp voltage returns above a 
nominal 8.75 volts. Of course, the DIS pin must be in the low 
state for the IC to be enabled. The startup sequence turns 
on both low side outputs, ALO and BLO, so that the boot- 
strap capacitors for both sides of the H-bridge can be fully 
charged. During this time the AHO and BHO gate outputs 
are held low continuously to insure that no shoot-through 
can occur during the nominal 400ns boot-strap refresh 
period. At the end of the boot strap refresh period the out- 
puts respond normally to the state of the input control sig- 
nals. 


A combination of bootstrap and charge-pumping techniques 
is used to power the circuitry which drives the upper halves 
of the H-Bridge. The bootstrap technique supplies the high 
instantaneous current needed for turning on the power 
devices, while the charge pump provides enough current to 
“maintain” bias voltage on the upper driver sections and 
MOSFETs. Since voltages on the upper bias supply pin 
“float” along with the source terminals of the upper power 
switches, the design of this family provides voltage capability 
for the upper bias supply terminals to 95VDC. 


The HIP4081A can drive lamp loads for automotive and 
industrial applications as shown in Figure 2. When inductive 
loads are switched, flyback diodes must be placed around 
the loads to protect the MOSFET switches. 


Many applications utilize the full bridge topology. These are 
voice coil motor drives, stepper and DC brush motors, audio 
amplifiers and even power supply inverters used in uninter- 
ruptable power supplies, just to name a few. The HIP408X 
family of devices is fabricated using a proprietary Harris IC 
process which allows this family to switch at frequencies 
over 250kHz. Therefore the HIP408X family is ideal for use 
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in various high frequency converter applications, such as 
motor drives, class-D audio amplifiers, and 
high-performance DC-DC converters. A typical application is 
shown in Figure 5. 


80V 


HIP4081A 


FIGURE 1. HIP4081A SIMPLIFIED APPLICATION DIAGRAM 


DUAL HIGH/LOW SWITCHES FOR 
AUTOMOTIVE AND INDUSTRIAL CONTROLS 


FIGURE 2. HIP4081A AS LAMP SWITCH DRIVER 


To provide accurate dead-time control for shoot-through 
avoidance and duty-cycle maximization, two resistors tied to 
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upper and lower propagation delays, which are typically only 
55ns. The HIP4081A H-Bridge driver has enough voltage 
margin to meet all SELV (UL classification for operation at 
<42.0V) applications and most Automotive applications 
where “load dump” capability over 65V is required. This 
capability makes the HIP408X family a more cost-effective 
solution for driving N-channel power MOSFETs than either 
discrete solutions or other solutions relying on transformer- 
or opto-coupling gate-drive techniques. 


The biggest difference between the HIP4080A and the 
HIP4081A is that the HIP4081A allows separate and individ- 
ual control of the 4 MOSFET gates, whereas the HIP4080A 
does not. Also the HIP4081A does not include an internal 
comparator which can create a PWM signal directly within 
the HIP4080A. 


Description of the HIP4081A 


The block diagram of the HIP4081A relating to driving the 
A-side of the H-Bridge is shown in Figure 4. The blocks 
associated with each half of the H-Bridge are identical, so 
the B-side is not shown for simplicity. 


The Vcc and Vpp terminals on the HIP4081A should be tied 
together. They were separated within the HIP4081A IC to 
avoid possible ground loops internal to the IC. Tieing them 
together and providing a decoupling capacitor from the com- 
mon tie-point to Vss greatly improves noise immunity. 


Input Logic 


The HIP4081A has 4 inputs, ALI, BLI, AHI and BHI, which 
control the gate outputs of the H-bridge. The DIS, “Disable,” 
pin disables gate drive to all H-bridge MOSFETs regardless of 
the command states of the input pins above. The state of the 
bias voltage, Vpp, also can disable all gate drive as dis- 
cussed in the introduction. The HIP4081A has pullups on the 
high input terminals, AHI and BHI, so that the bridge can be 
totally controlled using only the lower input control pins, ALI 
and BLI, which can greatly simplify the external control cir- 
Ccuitry needed to control the HIP4081A. As Table 1 suggests, 
the lower inputs ALI and BLI dominate the upper inputs. That 
is, when one of the lower inputs is high, it doesn’t matter what 
the level of the upper input is, because the lower will turn on 
and the upper will remain off. 


TABLE 1. INPUT LOGIC TRUTH TABLE 


INPUT OUTPUT 


ALO, AHO, 
ALI, BLI UN BLO BHO 


NOTE: X signifies that input can be either a “1” or “0”. 


The input sensitivity of the DIS input pin is best described as 
“enhanced TTL’ levels. Inputs which fall below 1.0V or rise 
above 2.5V are recognized, respectively, as low level or high 
level inputs. 


Propagation Delay Control 


Propagation delay contro! is a major feature of the 
HIP4081A. Two identical sub-circuits within the IC delay the 
commutation of the power MOSFET gate turn-on signals for 
both A and B sides of the H-bridge. The gate turn-off signals 
are not delayed. Propagation delays related to the level- 
translation function (see section on Level-Translation) cause 
both upper on/off propagation delays to naturally be longer 
than the lower on/off propagation delays. Four delay trim 
sub-circuits are incorporated to better match the H-bridge 
delays, two for upper delay control and two for lower gate 
control. 


Users can tailor the low side to high side commutation delay 
times by placing a resistor from the HDEL pin to the Vgg pin. 
Similarly, a resistor connected from LDEL to Vss controls the 
high side to low side commutation delay times of the lower 
power switches. The HDEL resistor controls both upper 
commutation delays and the LDEL resistor controls the 
lower commutation delays. Each of the resistors sets a cur- 
rent which is inversely proportional to the created delay. The 
delay is added to the falling edge of the “off” pulse associ- 
ated with the MOSFET which is being commutated off. 
When the delay is complete, the “on” pulse is initiated. This 
has the effect of “delaying” the commanded on pulse by the 
amount set by the delay, thereby creating dead-time. 


Proper choice of resistor values connected from HDEL and 
LDEL to Vsg provides a means for matching the commuta- 
tion dead times whether commutating high to low or low to 
high. Values for the resistors ranging from 10kQ to 200kQ 
are recommended. Figure 3 shows the dead-time delays 
obtainable as a function of the resistor values used. 


150 
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FIGURE 3. MINIMUM DEAD-TIME vs DEL RESISTANCE 


Level-Translation 


The lower power MOSFET gate drive signals from the prop- 
agation delay and control circuits go to amplification circuits 
which are described in more detail under the section “Driver 
Circuits”. The upper power MOSFET gate drive signals are 
directed first to the Level-Translation circuits before going to 
the upper power MOSFET “Driver Circuits”. 
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The Level-Translation circuit communicate “on” and “off” 
pulses from the Propagation Delay sub-circuit to the upper 
logic and gate drive sub-circuits which “float” at the potential 
of the upper power MOSFET source connections. This volt- 
age can be as much as 85V when the bias supply voitage is 
only 10V (the sum of the bias supply voltage and bus volt- 
ages must not exceed 95VDC). 


In order to minimize power dissipation in the level-shifter cir- 
cuit, it is important to minimize the width of the pulses trans- 
lated because the power dissipation is proportional to the 
product of switching frequency and pulse energy in joules. 
The pulse energy in turn is equal to the product of the bus 
voltage magnitude, translation pulse current and translation 
pulse duration. To provide a reliable, noise free pulse 
requires a nominal current pulse magnitude of approximately 
3mA. The translated pulses are then “latched” to maintain 
the “on” or “off” state until another level-translation pulse 
comes along to set the latch to the opposite state. Very reli- 
able operation can be obtained with pulse widths of approxi- 
mately 80ns. At a switching frequency of even 1.0MHz, with 
an 80VDC bus potential, the power developed by the level- 
translation circuit will be less than 0.08W. 


Charge Pump Circuits 


There are two charge pump circuits in the HIP4081A, one for 
each of the two upper logic and driver circuits. Each charge 
pump uses a switched capacitor doubler to provide about 
30pA to 50uA of gate load current. The sourcing current 
charging capability drops off as the floating supply voltage 
increases. Eventually the gate voltage approaches the level 
set by an internal zener clamp, which prevents the voltage 
from exceeding about 15V, the safe gate voltage rating of 
most commonly available MOSFETs. 


Driver Circuits 


Each of the four output drivers are comprised of bipolar high 
speed NPN transistors for both sourcing and sinking gate 
charge to and from the MOSFET switches. In addition, the 
sink driver incorporates a parallel-connected n-channel 
MOSFET to enable the gate of the power switch gate-source 
voltage to be brought completely to OV. 


The propagation delays through the gate driver sub-circuits 
while driving 500pF loads is typically less than 10ns. Never- 
theless, the gate driver design nearly eliminates all gate 
driver shoot-through which significantly reduces IC power 
dissipation. 


Application Considerations 


To successfully apply the HIP4081A the designer should 
address the following concerns: 


e General Bias Supply Design Issues 
e Upper Bias Supply Circuit Design 
e Bootstrap Bias Supply Circuit Design 


General Bias Supply Design Issues 


The bias supply design is simple. The designer must first 
establish the desired gate voltage for turning on the power 
switches. For most power MOSFETs, increasing the gate- 
source voltage beyond 10V yields little reduction in switch 
drain-source voltage drop. 


Overcharging the power switch’s gate-source capacitance 
also delays turn-off, increases MOSFET gate switching 
losses and increases the power dissipation of the 
HIP4081A. Overcharging the MOSFET gate-source capaci- 
tance also can lead to “shoot-through” (both upper and lower 
MOSFETs in a single bridge leg find themselves conducting 
simultaneously), thereby shorting out the high voltage DC. 
Bias supply voltages close to 12V are optimum for Vpp and 
Voc, although the HIP4081A will operate up to 15V. 


Lower Bias Supply Design 


Since most applications use identical MOSFETs for both 
upper and lower power switches, the bias supply require- 
ments with respect to driving the MOSFET gates will also be 
identical. In case switching frequencies for driving upper and 
lower MOSFETs differ, two sets of calculations must be 
done; one for the upper switches and one for the lower 
switches. The bias current budget for upper and lower 
switches will be the sum of each calculation. 


Always keep in mind that the lower bias supply must supply 
current to the upper gate drive and logic circuits as well as 
the lower gate drive circuits and logic circuits. This is due to 
the fact that the low side bias supplies (Vcc/Vpp) charge the 
bootstrap capacitors and the charge pumps, which maintain 
voltage across the upper power switch’s gate-source termi- 
nals. 


Good layout practice and capacitor bypassing technique 
avoids transient voltage dips of the bias power supply to the 
HIP4081A. Always place a low ESR (equivalent series resis- 
tance) ceramic capacitor adjacent to the IC, connected 
between the bias terminals Voc and Vpp and the common 
terminal, Vss of the IC. A value in the range of 0.22uF and 
0.5uF is usually sufficient. 


Minimize the effects of Miller feedback by keeping the 
source and gate return leads from the MOSFETs to the 
HIP4081A short. This also reduces ringing, by minimizing 
the length and the inductance of these connections. Another 
way to minimize inductance in the gate charge/discharge 
path, in addition to minimizing path length, is to run the out- 
bound gate lead directly “over” the source return lead. 
Sometimes the source return leads can be made into a small 
“ground plane” on the back side of the PC board making it 
possible to run the outbound gate lead “on top” of the board. 
This minimizes the “enclosed area” of the loop, thus minimiz- 
ing inductance in this loop. It also adds some capacitance 
between gate and source which shunts out some of the 
Miller feedback effect. 


Upper Bias Supply Circuit Design 


Before discussing bootstrap circuit design in detail, it is 
worth mentioning that it is possible to operate the HIP4081A 
without a bootstrap circuit altogether. Even the bootstrap 
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Capacitor, which functions to supply a reservoir of charge for 
rapidly turning on the MOSFETs is optional in some cases. 
In situations where very slow turn-on of the MOSFETs is tol- 
erable, one may consider omitting some or all bootstrap 
components. Applications such as driving relays or lamp 
loads, where the MOSFETs are switched infrequently and 
switching losses are low, may provide opportunities for boot 
strapless operation. Generally, loads with lots of resistance 
and inductance are possible candidates. 


Operating the HIP4081A without a bootstrap diode and/or 
capacitor will severely slow gate turn-on. Without a boot- 
strap Capacitor, gate current only comes from the internal 
charge pump. The peak charge pump current is only about 
30pA to 501A. The gate voltage waveform, when operating 
without a bootstrap capacitor, will appear similar to the dot- 
ted line shown in Figure6. 


If a bootstrap capacitor value approximately equal to the 
equivalent MOSFET gate capacitance is used, the upper 
bias supply (labeled “bootstrap voltage” in Figure 6) will drop 
approximately in half when the gate is turned on. The larger 
the bootstrap capacitance used, the smaller is the instanta- 
neous drop in bootstrap supply voltage when an upper 
MOSFET is turned on. 


GATE 
INITIATION 
SIGNAL 


BOOT STRAP 
VOLTAGE 
(XHB - XHS) 


GATE VOLTAGE 
(XHO - XHS) 


FIGURE 6. 


Although not recommended, one may employ a bootstrap 
capacitor without a bootstrap diode. In this case the charge 
pump is used to charge up a capacitor whose value should 
be much larger than the equivalent gate-source capacitance 
of the driven MOSFET. A value of bootstrap capacitance 
about 10 times greater than the equivalent MOSFET gate- 
source Capacitance is usually sufficient. Provided that suffi- 
cient time elapses before turning on the MOSFET again, the 
bootstrap capacitor will have a chance to recharge to the 
voltage value that the bootstrap capacitor had prior to turn- 
ing on the MOSFET. Assuming 2Q of series resistance is in 
the bootstrap change path, an output frequency of up 
to 1 should allow sufficient refresh time. 


5 xX2QxCao 


A bootstrap capacitor 10 times larger than the equivalent 
gate-source capacitance of the driven MOSFET prevents 
the drop in bootstrap supply voltage from exceeding 10% of 
the bias supply voltage during turn-on of the MOSFET. 
When operating without the bootstrap diode the time 
required to replenish the charge on the bootstrap capacitor 
will be the same time as it would take to charge up the equiv- 
alent gate capacitance from OV. This is because the charge 


lost on the bootstrap capacitor is exactly equal to the charge 
transferred to the gate capacitance during turn-on. Note that 
the very first time that the bootstrap capacitor is charged up, 
it takes much longer to do so, since the capacitor must be 
charged from OV. With a bootstrap diode, the initial charging 
of the bootstrap supply is almost instantaneous, since the 
charge required comes from the low-side bias supply. There- 
fore, before any upper MOSFETs can initially be gated, time 
must be allowed for the upper bootstrap supply to reach full 
voltage. Without a bootstrap diode, this initial “charge” time 
can be excessive. 


If the switching cycle is assumed to begin when an upper 
MOSFET is gated on, then the bootstrap capacitor will 
undergo a charge withdrawal when the source driver con- 
nects it to the equivalent gate-source capacitance of the 
MOSFET. After this initial “dump” of charge, the quiescent 
current drain experienced by the bootstrap supply is infini- 
tesimal. In fact, the quiescent supply current is more than 
offset by the charge pump current. 


The charge pump continuously supplies current to the boot- 
strap supply and eventually would charge the bootstrap 
Capacitor and the MOSFET gate capacitance back to its ini- 
tial value prior to the beginning of the switching cycle. The 
problem is that “eventually” may not be fast enough when 
the switching frequency is greater than a few hundred Hz. 


Bootstrap Bias Supply Circuit Design 


For high frequency applications all bootstrap components, 
both diodes and capacitors, are required. Therefore, one 
must be familiar with bootstrap capacitor sizing and proper 
choice of bootstrap diode. 


Just after the switch cycle begins and the charge transfer 
from the bootstrap capacitor to the gate capacitance is com- 
plete, the voltage on the bootstrap capacitor is the lowest 
that it will ever be during the switch cycle. The charge lost on 
the bootstrap capacitor will be very nearly equal to the 
charge transferred to the equivalent gate-source capaci- 
tance of the MOSFET as shown in Equation 1. 


Qg = (Ygs1 - Vesa) XCps (EQ.1) 


where: 


Ves; = Bootstrap capacitor voltage just after refresh 
Veso = Bootstrap voltage immediately after upper turn-on 
Cgs = Bootstrap Capacitance 
Qg = Gate charge transferred during turn-on 


Were it not for the internal charge pump, the voltage on the 
bootstrap capacitor and the gate capacitor (because an 
upper MOSFET is now turned on) would eventually drain 
down to zero due to bootstrap diode leakage current and the 
very small supply current associated with the level-shifters 
and upper gate driver sub-circuits. 


In PWM switch-mode, the switching frequency is equal to 
the reciprocal of the period between successive turn-on (or 
turn-off) pulses. Between any two turn-on gate pulses exists 
one turn-off pulse. Each time a turn-off pulse is issued to an 
upper MOSFET, the bootstrap capacitor of that MOSFET 
begins its “refresh” cycle. A refresh cycle ends when the 
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upper MOSFET is turned on again, which varies depending 
on the PWM frequency and duty cycle. As the duty cycle 
approaches 100%, the available “off-time”, tore approaches 
zero. Equation 2 shows the relationship between tors, fpway 
and the duty cycle. 


torp = (1-DC)/foway (EQ.2) 
As soon as the upper MOSFET is turned off, the voltage on 
the phase terminal (the source terminal of the upper MOS- 
FET) begins its descent toward the negative rail of the high 
voltage bus. When the phase terminal voltage becomes less 
than the Vcc voltage, refreshing (charging) of the bootstrap 
capacitor begins. As long as the phase voltage is below Voc 
refreshing continues until the bootstrap and Vcc voltages 


are equal. 


The off-time of the upper MOSFET is dependent on the gate 
control input signals, but it can never be shorter than the 
dead-time delay setting, which is set by the resistors con- 
necting HDEL and LDEL to Vgg. If the bootstrap capacitor is 
not fully charged by the time the upper MOSFET turns on 
again, incomplete refreshing occurs. The designer must 
insure that the dead-time setting be consistent with the size 
of the bootstrap capacitor in order to guarantee complete 
refreshing. Figure 7 illustrates the circuit path for refreshing 
the bootstrap capacitor. 


HIGH VOLTAGE BUS Vgus 
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FIGURE 7. BOOTSTRAP CAPACITOR CHARGING PATH 


The bootstrap charging and discharging paths should be 
kept short, minimizing the inductance of these loops as men- 
tioned in the section, “Lower Bias Supply Design”. 


Bootstrap Circuit Design - An Example 


Equation 1 describes the relationship between the gate 
charge transferred to the MOSFET upon turn-on, the size of 
the bootstrap capacitor and the change in voltage across the 
bootstrap capacitor which occurs as a result of turn-on 
charge transfer. 


The effects of reverse leakage current associated with the 
bootstrap diode and the bias current associated with the 
upper gate drive circuits also affect bootstrap capacitor siz- 
ing. At the instant that the upper MOSFET turns on and its 
source voltage begins to rapidly rise, the bootstrap diode 
becomes rapidly reverse biased resulting in a reverse recov- 
ery charge which further depletes the charge on the boot- 
Strap capacitor. To completely model the total charge 
transferred during turn-on of the upper MOSFETs, these 
effects must be accounted for, as shown in Equation 3. 


(| 
Q¢+Qng+ ort 'ass 
: 
—_— PWM (EQ.3) 
_ Vasi~ “ase 
where: 


lpr = Bootstrap diode reverse leakage current 
lags = Upper supply quiescent current 
Qar = Bootstrap diode reverse recovered charge 
Qe = Turn-on gate charge transferred 
fpwa = PWM operating frequency 
Vgs; = Bootstrap capacitor voltage just after refresh 
Vaso = Bootstrap capacitor voltage just after upper turn on 
Cas = Bootstrap capacitance 


From a practical standpoint, the bootstrap diode reverse 
leakage and the upper supply quiescent current are negligi- 
ble, particularly since the HIP4081A’s internal charge pump 
continuously sources a minimum of about 30yA. This current 
more than offsets the leakage and supply current compo- 
nents, which are fixed and not a function of the switching fre- 
quency. The higher the switching frequency, the lower is the 
charge effect contributed by these components and their 
effect on bootstrap capacitor sizing is negligible, as shown in 
Equation 3. Supply current due to the bootstrap diode recov- 
ery charge component increases with switching frequency 
and generally is not negligible. Hence the need to use a fast 
recovery diode. Diode recovery charge information can usu- 
ally be found in most vendor data sheets. 


For example, if we choose a Harris IRF520R power 
MOSFET, the data book states a gate charge, Qg, of 12nC 
typical and 18nC maximum, both at Vps = 12V. Using the 
maximum value of 18nC the maximum charge we should 
have to transfer will be less than 18nC. 


Suppose a General Instrument UF4002, 100V, fast recovery, 
1A, miniature plastic rectifier is used. The data sheet gives a 
reverse recovery time of 25ns. Since the recovery current 
waveform is approximately triangular, the recovery charge can 
be approximated by taking the product of half the peak reverse 
current magnitude (1A peak) and the recovery time duration 
(25ns). In this case the recovery charge should be 12.5nC. 


Since the internal charge pump offsets any possible diode 
leakage and upper drive circuit bias currents, these sources 
of discharge current for the bootstrap capacitor will be 
ignored. The bootstrap capacitance required for the example 
above can be calculated as shown in Equation 4, using 
Equation 2. 

_ 18nC + 12.5nC 


CBs = 720-110 (EQ. 4) 
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Therefore a bootstrap capacitance of 0.033uF will result in 
less than a 1.0V droop in the voltage across the bootstrap 
capacitor during the turn-on period of either of the upper 
MOSFETs. If typical values of gate charge and bootstrap 
diode recovered charge are used rather than the maximum 
value, the voltage droop on the bootstrap supply will be only 
about 0.5V 


Power Dissipation and Thermal Design 


One way to model the power dissipated in the HIP4081A is 
by lumping the losses into static losses and dynamic (switch- 
ing) losses. The static losses are due to bias current losses 
for the upper and lower sections of the IC and include the 
sum of the Io¢ and Ipp currents when the IC is not switching. 
The quiescent current is approximately 9MA. Therefore with 
a 12V bias supply, the static power dissipation in the IC is 
slightly over 100mW. 


The dynamic losses associated with switching the power 
MOSFETs are much more significant and can be divided into 
the following categories: 


e Low Voltage Gate Drive (charge transfer) 
e High Voltage Level-shifter (V-I) losses 
e High Voltage Level-shifter (charge transfer) 


In practice, the high voltage level-shifter and charge transfer 
losses are small compared to the gate drive charge transfer 
losses. 


The more significant low voltage gate drive charge transfer 
losses are Caused by the movement of charge in and out of 
the equivalent gate-source capacitor of each of the 4 MOS- 
FETs comprising the H-bridge. The loss is a function of 
PWM (switching) frequency, the applied bias voltage, the 
equivalent gate-source capacitance and a minute amount of 
CMOS gate charge internal to the HIP4081A. The low volt- 
age charge transfer losses are given by Equation 5. 


Pswio = 'pwo~ (Qg + Qc) *VBias (EQ. 5) 
The high voltage level-shifter power dissipation is much 
more difficult to evaluate, although the equation which 
defines it is simple as shown in Equation 6. The difficulty 
arises from the fact that the level-shift current pulses, Ion 
and logr, are not perfectly in phase with the voltage at the 
upper MOSFET source terminals, Vsj4j-7 due to propagation 
delays within the IC. These time-dependent source voltages 
(or “phase” voltages) are further dependent on the gate 
Capacitance of the driven MOSFETs and the type of load 
(resistive, Capacitive or inductive) which determines how 
rapidly the MOSFETs turn on. For example, the level-shifter 
lon and lo¢¢ pulses may come and go and be latched by the 
upper logic circuits before the phase voltage even moves. 
As a result, little level-shift power dissipation may result from 
the icy pulse, whereas the loge pulse may have a significant 
power dissipation associated with it, since the phase voltage 
generally remains high throughout the duration of the ipgr 
pulse. 

(EQ. 6) 


| °T 
P SHIFT = =\9 (lon () +loge (O ) x Vg pier (t) x at 


Lastly, there is power dissipated within the IC due to charge 
transfer in and out of the capacitance between the upper 
driver circuits and Vss. Since it is a charge transfer phenom- 
ena, it closely resembles the form of Equation 5, except that 
the capacitance is much smaller than the equivalent gate- 
source capacitances associated with power MOSFETs. On 
the other hand, the voltages associated with the level-shift- 
ing function are much higher than the voltage changes expe- 
rienced at the gate of the MOSFETs. The relationship is 
shown in Equation 7. 


: 2 
Prus = Ctup* SHIFT * ‘PWM (EQ. 7) 


The power associated with each of the two high voltage tubs 
in the HIP4081A derived from Equation 7 is quite small, due 
to the extremely small capacitance associated with these 
tubs. A “tub” is the isolation area which surrounds and iso- 
lates the high side circuits from the ground referenced cir- 
cuits of the IC. The important point for users is that the 
power dissipated is linearly related to switching frequency 
and the square of the applied bus voltage. 


The tub capacitance in Equation 7 varies with applied voit- 
age, Vspir7 Making its solution difficult, and the phase shift 
of the Io, and lo¢¢ pulses with respect to the phase voltage, 
Vsniet in Equation 6 are difficult to measure. Even the Qic in 
Equation 5 is not easy to measure. Hence the use of Equa- 
tion 5 through Equation 7 to calculate total power dissipation 
is at best difficult. The equations do, however, allow users to 
understand the significance that MOSFET choice, switching 
frequency and bus voltage play in determining power dissi- 
pation. This knowledge can lead to corrective action when 
power dissipation becomes excessive. 


Fortunately, there is an easy method which can be used to 
measure the components of power dissipation rather than 
calculating them, except for the tiny “tub capacitance” com- 
ponent. 


Power Dissipation, the Easy Way 


The average power dissipation associated with the IC and 
the gate of the connected MOSFETs can easily be mea- 
sured using a signal generator, an averaging milliameter and 
a voltmeter. 


Low Voltage Power Dissipation 


Two sets of measurements are required. The first set uses 
the circuit of Figure 8 and evaluates all of the low voltage 
power dissipation components. These components include 
the MOSFET gate charge and internal CMOS charge trans- 
fer losses shown in Equation 5 as well as the quiescent bias 
current losses associated with the IC. The losses are calcu- 
lated very simply by calculating the product of the bias volt- 
age and current measurements as performed using the 
circuit shown in Figure 9. For measurement purposes, the 
phase terminals (AHS and BHS) for both A and B phases 
are both tied to the chip common, Vss terminal, along with 
the lower source terminals, ALS and BLS. Capacitors equal 
to the equivalent gate-source capacitance of the MOSFETs 
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are connected from each gate terminal to Vgg. The value of 
the capacitance chosen comes from the MOSFET manufac- 
turers data sheet. Notice that the MOSFET data sheet usu- 
ally gives the value in units of charge (usually nano- 
coulombs) for different drain-source voltages. Choose the 
drain-source voltage closest to the particular dc bus voltage 
of interest. 


Simply substituting the actual MOSFETs for the capacitors, 
C,, doesn’t yield the correct average current because the 
Miller capacitance will not be accounted for. This is because 
the drains don’t switch using the test circuit shown in 
Figure 8. Also the gate capacitance of the devices you are 
using may not represent the maximum values which only the 
data sheet will provide. 


A 


HIP4081A 


fess 
wpe 
Taner 


FIGURE 8. LOW VOLTAGE POWER DISSIPATION TEST 
CIRCUIT 


The low voltage charge transfer switching currents are 
shown in Figure 9. Figure 9 does not include the quiescent 
bias current component, which is the bias current which 
flows in the IC when switching is disabled. The quiescent 
bias current component is approximately 10mA. Therefore 
the quiescent power loss at 12V would be 120mW. Note that 
the bias current at a given switching frequency grows almost 
proportionally to the load capacitance, and the current is 
directly proportional to switching frequency, as previously 
suggested by Equation 5. 


High Voltage Power Dissipation 


The high voltage power dissipation component is largely 
comprised of the high voltage level-shifter component as 
described by Equation 6. All of the difficulties associated 
with the time variance of the Ioy and lore pulses and the 
level shift voltage, Vspie7, under the integrand in Equation 6 
are avoided. For completeness, the total loss must include a 
small leakage current component, although the latter is usu- 
ally smaller compared to the level-shifter component. The 
high voltage power loss calculation is the product of the high 
voltage bus voltage level, Vays, and the average high volt- 
age bus current, Imus, aS measured by the circuit shown in 
Figure 10. Averaging meters should be used to make the 
measurements. 
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FIGURE 10. HIGH VOLTAGE LEVEL-SHIFT CURRENT TEST 
CIRCUIT 


Figure 11 shows that the high voltage level-shift current var- 
ies directly with switching frequency. This result should not 
be surprising, since Equation 6 can be re-arranged to show 
the current as a function of frequency, which is the reciprocal 
of the switching period, 1/T. Notice that the current increases 
somewhat with applied bus voltage. This is due to the finite 
output resistance of the level-shift transistors in the IC. 
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FIGURE 11. HIGH VOLTAGE LEVEL-SHIFT CURRENT vs 
FREQUENCY AND BUS VOLTAGE 
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Layout Problems and Effects 


In fast switching, high frequency systems, proper PC board 
layout is crucial. to consider PCB layout. The HIP4081A 
pinout configuration encourages tight layout by placing the 
gate drive output terminals strategically along the right side 
of the chip (pin 1 is in the upper left-hand corner). This pro- 
vides for short gate and source return leads connecting the 
IC with the power MOSFETs. 


Always minimize the series inductance in the gate drive loop 
by running the gate leads to the MOSFETs over the top of 
the source return leads of the MOSFETs. A double-sided 
PCB makes this easy. The PC board separates the traces 
and provides a small amount of capacitance as well as 
reducing the loop inductance by reducing the encircled area 
of the gate drive loop. The result is reduced ringing which 
can similarly reduce drain current modulate in the MOSFET. 
The table below summarizes some layout problems which 
can occur and the corrective action to take. 


The Bootstrap circuit path should also be kept short. This 
minimizes series inductance that may cause the voltage on 
the boot-strap capacitor to ring, slowing down refresh or 
Causing an overvoitage on the bootstrap bias supply. 


A compact power circuit layout (short circuit path between 
upper/lower power switches) minimizes ringing on the phase 
lead(s) keeping BHS and AHS voltages from ringing exces- 
sively below the Vss terminal which can cause excessive 
charge extraction from the substrate and possible malfunc- 
tion of the IC. 


PROBLEM 


Bootstrap circuit path 
too long 


Inductance may cause voltage on boot- 
Strap capacitor to ring, slowing down 
refresh and/or causing an overvoltage 
on the bootstrap bias supply. 


Lack of tight power 
circuit layout (long 
circuit path between 


Can cause ringing on the phase lead(s) 
causing BHS and AHS to ring exces- 
sively below the Vs. terminal causing 
excessive charge extraction from the 
Substrate and possible malfunction of 
the IC. 


upperfower power 
switches) 


Excessive gate lead 
lengths 


Can cause gate voltage ringing and 
subsequent modulation of the drain cur- 
rent and impairs the effectiveness of the 
sink driver from minimizing the miller ef- 
fect when an opposing switch is being 
rapidly turned on. 


Quick Help Table 


The quick help table has been included to help locate solu- 
tions to problems you may have in applying the HIP4081A. 


PROBLEM EFFECT 


Low chip bias voltages | May cause power MOSFETs to exhibit ex- 
cessive Rposon, possibly overheating 
them. Below 6 V, the IC will not function 
properly. 


At Vpp voltages above about 12V, The 
charge pump limiter will begin to operate, 
in turn drawing heavier Vpp current. 
above 16V, Breakdown may occur. 


May cause insufficient or soft charge de- 
livery to MOSFETs at turn-on causing 
MOSFET overheating. Charge pump will 
pump charge, but possibly not quickly 
enough to avoid excessive switching loss- 
@s. 


Dead time may need to be increased in or- 
der to allow sufficient bootstrap refresh 
time. The alternative is to decrease boot- 
strap capacitance. 


Smaller values of Reare reduces turn-on/ 
off times and may cause excessive emi 
problems. Incorporating a series gate 
resistor with an anti-parallel diode can 
solve EMI problem and add to the dead 
time, reducing shoot-through tendency. 


Increases switching losses and MOSFET 
heating. If anti-parallel diode mentioned 
above Is in backwards, turn-off time is in- 
creased, but turn-on time is not, possibly 
causing a shoot-through fault. 


Reduces “refresh” time as well as dead 
time, with increased shoot-through 
tendency. Try increasing HDEL and LDEL 
resistors (don't exceed 250K.) 


Reduce bus voitage, switching frequency, 
choose a MOSFET with lower gate capac- 
itance or reduce bias voitage (if it is not 
below 6 V to 12V). 

Shed some of the low voltage gate switch- 
ing losses in the HIP4081A by placing a 
small amount of series resistance in the 
leads going to the MOSFET gates, there- 
by transferring some of the IC losses to 
the resistors. 


Check that the HEN terminal is not tied 
low inadvertently. 


High chip bias voitag- 
@6 (Voc and Vpp) 


Bootstrap capacitor(s) 
too small 


Bootstrap capacitor(s) 
too large 


Reate too large 
Dead time too small 


HIP4081A IC gets too 
hot 


Lower MOSFETs turn 


on, but upper 
MOSFETs don't 
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Application Demonstration PC Board 


Harris has developed a demonstration PC board to allow 
fast prototyping of numerous types of applications. The 
board can be used to aid in characterizing the HIP4081A 
device under actual operating conditions. 


Figure 12 and Figure 13 show the silkscreen and the sche- 
matic indicating component placement, respectively, for the 
HIP4080A/1A demo board. Note that the board can be used 
to evaluate either the HIP4080A or the HIP4081A, simply by 
changing a few jumpers. Refer to the appropriate application 
note for instructions on jumper placement. 


The PC board incorporates a CD4069UB to “buffer” inputs to 
the HIP4081A. JMPRS85, resistors R27 and R28, and capaci- 
tor, C7 must be removed in order to implement the power up 
reset circuit described in this application note and in the 
HIP4081A data sheet, File Number 3659. Depending on the 
positions of JMPR1-4, one can operate the driver as two 
separate half-bridges or an H-bridge. 


Consistent with good design practice, the +12V bias supply 
is bypassed by capacitors C6 and C5 (at the IC terminals 
directly). Capacitor C6 is a 4.7yF tantalum, designed to 
bypass the whole PCB, whereas C5 is a 0.22uF, designed to 
bypass the HIP4081A. The bootstrap capacitors, C3 and C4, 
and the high voltage bus bypass capacitors are 0.1yF, 100V 
ceramic. Ceramic is used here because of the low induc- 
tance required of these capacitors in the application. The 


bootstrap diodes are 1A, fast recovery (tar = 200ns), 100V, 
to minimize the charge loss from the bootstrap capacitors 
when the diodes become reverse-biased. 


The MOSFETs supplied with the demo board is a Harris 
IRF520, 100V, 9A device. Since it has a gate charge of 
approximately 12nC, 10Q gate resistors, R21 through R24, 
have been employed to deliberately slow down turn-on and 
turn-off of these switches. Finally, R383 and R34 provide 
adjustment of the dead-time. These are 500kQ normally set 
for 100kQ, which will result in a dead-time of approximately 
50ns. R30 and R31 provide space for optional shunt resis- 
tors (0.10, 2W, 2%, wirewound) which can be used to pro- 
vide a current-limiting signal, if desired. R30 and R31 should 
be replaced with wire jumpers if resistors are not used. 


Finally, space has been provided for filter reactors, L1 and 
L2, and filter capacitors, C1 and C2, to provide filtering of 
PWM switching components from appearing at output termi- 
nals AO and BO. To facilitate placement of user-defined ICs, 
such as op-amps, comparators, etc., space for 3 fourteen 
pin standard width ICs has been reserved at the far left side 
of the demo board. The output terminations of the 3 optional 
locations are wired to holes which can be used to mount 
application-specific components, easing the process for 
building up working amplifiers for motor controls and audio 
amplifiers. 


FIGURE 12. EVALUATION BOARD SILKSCREEN 
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Introduction 


Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing improve- 
ment and evolution, with perfection as the constant goal. 


Harris Semiconductor's commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force — from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market- 
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of value in 
integrated circuits. 


Quality in integrated circuits cannot be added on or consid- 
ered after the fact. It begins with the development of capable 
process technology and product design. It continues in man- 
ufacturing, through effective controls at each process or 
step. It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 


The Role of the Quality Organization 


The emphasis on building quality into the design and manu- 
facturing processes of a product has resulted in a significant 
refocus of the role of the Quality organization. In addition to 
facilitating the development of SPC and DOX, Quality profes- 
sionals support other continuous improvement tools such as 
control charts, measurement of equipment capability, stan- 
dardization of inspection equipment and processes, proce- 
dures for chemical controls, analysis of inspection data and 
feedback to the manufacturing areas, coordination of efforts 
for process and product improvement, optimization of envi- 
ronmental or raw materials quality, and the development of 
quality improvement programs with vendors. 


At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization’s role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, consult- 
ing, and managing Quality Improvement projects. 


To support specific market requirements, or to ensure con- 
formance to military or customer specifications, the Quality 
organization still performs many of the conventional quality 
functions (e.g., group testing for military products or wafer lot 
acceptance). But, true to the philosophy that quality is every- 
one’s job, much of the traditional on-line measurement and 
control of quality characteristics is where it belongs — with 
the people who make the product. The Quality organization 
is there to provide leadership and assistance in the deploy- 
ment of quality techniques, and to monitor progress. 


The Improvement Process 


| 


STAGE IV 


PRODUCT 
OPTIMIZATION 


IMPACT ON 
PRODUCT STAGE lll 
QUALITY PROCESS 
OPTIMIZATION 


STAGE ll 


PROCESS 
CONTROL 


STAGE | 


PRODUCT 
SCREENING 


SOPHISTICATION OF 
QUALITY TECHNOLOGY 


FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 


Harris Semiconductors quality methodology is evolving 
through the stages shown in Figure 1. In 1981 we embarked 
on a program to move beyond Stage |, and we are currently 
in the transition from Stage III to Stage IV, as more and more 
of our people become involved in quality activities. The tradi- 
tional “quality” tasks of screening, inspection, and testing are 
being replaced by more effective and efficient methods, put- 
ting new tools into the hands of all employees. Table 1 illus- 
trates how our quality systems are changing to meet today’s 
needs. 


Designing for Manufacturability 


Assuring quality and reliability in integrated circuits begins 
with good product and process design. This has always 
been a strength in Harris Semiconductor's quality approach. 
We have a very long lineage of high reliability, high perfor- 
mance products that have resulted from our commitment to 
design excellence. All Harris products are designed to meet 
the stringent quality and reliability requirements of the most 
demanding end equipment applications, from military and 
space to industrial and telecommunications. The application 
of new tools and methods has allowed us to continuously 
upgrade the design process. 


Each new design is evaluated throughout the development 
cycle to validate the capability of the new product to meet the 
end market performance, quality, and reliability objectives. 


The validation process has four major components: 
1. Design simulation/optimization 
2. Layout verification 
3. Product demonstration 
4. Reliability assessment. 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS 
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- Preventive Maintenance X 
Assembly e JAN Self-Audit 
e Environmental 
- RoonVHood Particulates 
- Temperature/Humidity 
- Water Quality 
e Product 
- Documentation Check 
- Dice Inspection 
- Wire Bond Pull Strength/Controls 
- Ball Bond Shear/Controls 
- Die Shear Controls 
- Post-Bond/Pre-Seal Visual 
- Fine/Gross Leak 
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- PIND Test 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS (Continued) 


e Temperature Test Calibration 
e Test System Calibration 

¢ Test Procedures 

¢ Control Unit Compliance 

e Lot Acceptance Conformance 
¢ Group A Lot Acceptance 

¢ JAN Self-Audit 

¢ Wafer Repeat Correlation 

¢ Visual Requirements 

¢ Documentation — 

e Process Performance 

e JAN Seif-Audit 

e Functionality Board Check 

¢ Oven Temperature Controls 
¢ Procedural Conformance 

e JAN Self-Audit 

¢ ESD Controls 

¢ Brand Permanency 

¢ Temperature/Humidity 

e Procedural Conformance 

e JAN Self-Audit 

¢ Group B Conformance 

¢ Group C and D Conformance 


QCI Inspection 


Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 


TABLE 2. HARRIS I.C. DESIGN TOOLS 


PRODUCTS 
DESIGN STEP ANALOG DIGITAL 
Functional Cds Spice Cds Spice 
Simulation Verilog 


Parametric 
Simulation 
Schematic Capture 
Functional Checking 


Rules Checking 


Parasitic Extraction Cadence 


Cds Spice 
Monte Carlo 


: 
Cadena 


QO 


QO Q 
AHH 


MANUFACTURING QA/QC MONITOR 
FUNCTION CONTROLS AUDIT 


Tes - JAN Self-Audit a | Se. Se 
_Temperature/Humidity i a; 
* ESD Controls i | 


Special Testing 


Harris Semiconductor offers several standard screen flows to 
support a customer's need for additional testing and reliability 
assurance. These flows include environmental stress testing, 
burn-in, and electrical testing at temperatures other than 
+25°C. The flows shown in Figures 1 and 2 indicate the Harris 
standard processing flows for a Commercial Linear part in 
PDIP Package. In addition, Harris can supply products tested 
to customer specifications both for electrical requirements and 
for nonstandard environmental stress screening. Consult your 
field sales representative for details. 
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Harris Semiconductor Standard Processing Flows 


COMMERCIAL 


VISUAL INSPECTION 
MODIFIED 
MIL-STD-883 
METHOD 2010 
CONDITION B 
WITH QC MONITOR 


PROBE/DICE 
PREPARATION 


HIGH/ROOM 


TEMP 
PROBE TEST 


ASSEMBLY (1) 


m@ OPERATION 
%& QUALITY MONITOR 


DIE ATTACH 


CONTROL DIE MOUNT 


MOUNT CURE CONTROL 


x. QUALITY DIE ATTACH 
CONTROL (SPC) 


WIRE BOND 


CONTROL WIRE BOND 


QUALITY WIRE BOND 
CONTROL (SPC) 


POST BOND 


VISUAL eS 


POST BOND INSPECTION 
(RTPC) 


AS APPLICABLE 


* QUALITY POST BOND 
INSPECTION 


MOLDING 

MOLD CONTROL (SPC) 
BOTTOM CODE 

POST MOLD CURE 


MOLD CONTROL 


LEAD FINISH 


CONTROL TRIM/FORM/DERAIL 


SINGULATED SOLDER DIP 


100% VISUAL INSPECTION 
LOAD SHIPPING TUBES 
*& QA LOT ACCEPTANCE 


*& QA DOCUMENTATION 
INSPECTION 


QUALITY AND 
RELIABILITY 


(1) Example for a PDIP Package Part 
FIGURE 2. 
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Harris Semiconductor Standard Processing Flow (Continued) 


COMMERCIAL 


TEST (2) 


HM OPERATION 
* QUALITY MONITOR 


AC/DC SINGLE 
INSERTION TEST 


CAPABILITY; 
HIGH/LOW TEMP 


100% ELECTRICAL TEST YES 


TOP BRAND YES 


PRE-BURN-IN ELECTRICAL 
TEST 


IF APPLICABLE 


BURN-IN 


POST BURN-IN 
ELECTRICAL TESTS 


APPLY BURN-IN PDA 


IF APPLICABLE 
IF APPLICABLE 


IF APPLICABLE 


QUALITY 


LOT ACCEPTANCE * QC PRESHIP LOT 


ACCEPTANCE TEST 


PDIP LEAD 


SCANNING 100% LEAD SCANNING 


PACKING 

*% QC PRESHIP LOT 
ACCEPTANCE 
INSPECTION 


FINAL DATA REVIEW 


(2) Example for a Linear Part in PDIP Package 
FIGURE 3. 
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TABLE 3. SUMMARIZING CONTROL APPLICATIONS 


¢ Thin Film 
- Film Thickness 
- Uniformity 
- Refractive Index 
- Film Composition 


Diffusion 

- Junction Depth 
Sheet Resistivities 
Oxide Thickness 
implant Dose Calibration 
Uniformity 


e Photo Resist 
- Critical Dimension 
- Resist Thickness 
- Etch Rates 


¢ Measurement Equipment 
- Critical Dimension 
- Film Thickness 
- 4 Point Probe 
- Ellipsometer 


ASSEMBLY 


¢ Pre-Seal e Post-Seal 

- Die Prep Visuals Internal Package Moisture 
Yields Tin Plate Thickness 
Die Attach Heater Block PIND Defect Rate 
Die Shear Solder Thickness 
Wire Pull Leak Tests 
Ball Bond Shear 
Saw Blade Wear 
Pre-Cap Visuals 


Seal 
Temperature Cycle 


- Handlers/Test System 

- Defect Pareto Charts 

- Lot % Defective 

- ESD Failures per Month 


e Environment 
- Water Quality 
- Clean Room Control 
- Temperature 
- Humidity 


« 1QC 
- Vendor Performance 
- Material Criteria 
- Quality Levels 


Controlling and Improving the 
Manufacturing Process - SPC/DOX 


Statistical process control (SPC) is the basis for quality control 
and improvement at Harris Semiconductor. Harris manufac- 
turing people use control charts to determine the normal vari- 
abilities in processes, materials, and products. Critical 
process variables and performance characteristics are mea- 
sured and control limits are plotted on the control charts. 
Appropriate action is taken if the charts show that an opera- 
tion is outside the process control limits or indicates a nonran- 
dom pattern inside the limits. These same control charts are 
powerful tools for use in reducing variations in processing, 
materials, and products. Table 3 lists some typical manufac- 
turing applications of control charts at Harris Semiconductor. 


SPC is important, but still considered only part of the solution. 
Processes which operate in statistical control are not always 
capable of meeting engineering requirements. The conven- 
tional way of dealing with this in the semiconductor industry 
has been to implement 100% screening or inspection steps to 
remove defects, but these techniques are insufficient to meet 
today’s demands for the highest reliability and perfect quality 
performance. 


Harris still uses screening and inspection to “grade” products 
and to satisfy specific customer requirements for burn-in, mul- 
tiple temperature test insertions, environmental screening, 
and visual inspection as value-added testing options. How- 
ever, inspection and screening are limited in their ability to 


Module Rm. Solder Pot Temp. 


¢ Measurement 
- XRF 
- Radiation Counter 
- Thermocouples 
- GM-Force Measurement 


- Monitor Failures 
- Lead Strengthening Quality 
- After Burn-in PDA 


e I1QC Measurement/Analysis 
- XRF 
- ADE 
- 4Point Probe 
- Chemical Analysis Equipment 


reduce product defects to the levels expected by today’s buy- 
ers. In addition, screening and inspection have an associated 
expense, which raises product cost. (See Table 4). 


TABLE 4. APPROACH AND IMPACT OF STATISTICAL 
QUALITY TECHNOLOGY 


STAGE APPROACH IMPACT 


e Stress and Test ¢ Limited Quality 
Defective Prediction Costly 
After-The-Fact 


Product 
Screening 


Process 
Control 


Process 
Optimization 


Product 
Optimization 
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Statistical Process 
Control 
Just-In-Time 
Manufacturing 


Design of Experi- 
ments 
Process Simulation 


Design for Produc- 
ibility 
Product Simulation 


Identifies Variability 
Reduces Costs 
Real Time 


Minimizes Variability 
Before-The-Fact 


Insensitive to Vari- 
ability 

Designed-in Quality 
Optimal Results 


QUALITY AND 
RELIABILITY 


Harris Quality 


Harris engineers are, instead, using Design of Experiments 
(DOX), a scientifically disciplined mechanism for evaluating 
and implementing improvements in product processes, 
materials, equipment, and facilities. These improvements 
are aimed at reducing the number of defects by studying the 
key variables controlling the process, and optimizing the 
procedures or design to yield the best result. This approach 
is a more time-consuming method of achieving quality per- 
fection, but a better product results from the efforts, and the 
basic causes of product nonconformance can be eliminated. 


SPC, DOX, and design for manufacturability, coupled with 
our 100% test flows, combine in a product assurance 
program that delivers the quality and reliability performance 
demanded for today and for the future. 


Average Outgoing Quality (AOQ) 


Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from 
each lot and is measured in parts per million (PPM). The 
current procedures and sampling plans outlined in MIL-STD- 
883 and MIL-M-38510 are used by our quality inspectors. 


The focus on this quality parameter has resulted in a contin- 
uous improvement to less than 100 PPM, and the goal is to 
continue improvement toward 0 PPM. 


Training 


The basis of a successful transition from conventional quality 
programs to more effective, total involvement is training. 
Extensive training of personnel involved in product manufac- 
turing began in 1984 at Harris, with a comprehensive devel- 


opment program in statistical methods. Using the resources 
of Harris statisticians, private consultants, and internally 
developed programs, training of engineers, supervisors, and 
operators/technicians has been an ongoing activity in Harris 
Semiconductor. 


Over the past years, Harris has also deployed a comprehen- 
sive training program for hourly operators and supervisors in 
job requirements and functional skills. All hourly manufactur- 
ing employees participate (see Table 5). 


Incoming Materials 


Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality enhance- 
ment, yield improvement, and cost control. With the use of 
statistical techniques, the influence of silicon, chemicals, 
gases and other materials on manufacturing is highly 
measurable. Current measurements indicate that results are 
best achieved when materials feeding a_ statistically 
controlled manufacturing line have also been produced by 
statistically controlled vendor processes. 


To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers 
with our manufacturing lines. This user-supplier network is 
the Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 
quality, participate with Harris in a lined network; the vendor's 
factory acts as if it were a beginning of the Harris production line. 
SPC seminars, development of open working relationships, 
understanding of Harris’s manufacturing needs and vendor 
capabilities, and continual improvement programs are all part of 
the certification process. The sole use of engineering limits no 
longer is the only quantitative requirement of incoming materials. 


TABLE 5. SUMMARY OF TRAINING PROGRAMS 


SPC, Basic 


Manufacturing Operators, 
Non-Manufacturing 
Personnel 


SPC, Intermediate 


SPC, Advanced 


Design of Experiments 
(DOX) 


Response Surface Engineers, Managers 
Methods (RSM) 


Manufacturing Supervisors, 
Technicians 


Manufacturing Engineers, 
Manufacturing Managers 


Engineers, Managers 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 
Measurement Process Evaluation, Introduction to Capability 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 
Measurement Process Evaluation, Advanced Control Charts, Variance Com- 
ponent Analysis, Capability Analysis 


Factorial and Fractional Designs, Blocking Designs, Nested Models, Analysis 
of Variance, Normal Probability Plots, Statistical Intervals, Variance Compo- 
nent Analysis, Multiple Comparison Procedures, Hypothesis Testing, Model 
Assumptions/Diagnostics 


Simple Linear Regression, Multiple Regression, Coefficient Interval Estima- 
tion, Diagnostic Tools, Variable Selection Techniques 


Steepest Ascent Methods, Second Order Models, Central Composite 


Designs, Contour Plots, Box-Behnken Designs 
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Specified requirements include centered means, statistical In addition to the certification process, Harris has worked to 
control limits, and the requirement that vendors deliver their promote improved quality in the performance of all our qualified 
products from their own statistically evaluated, in-control manu- vendors who must meet rigorous incoming inspection criteria 
facturing processes. (see Table 6). 


TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


MATERIAL INCOMING INSPECTIONS VENDOR DATA REQUIREMENTS 


¢ Resistivity e Equipment Capability Control Charts 


¢ Crystal Orientation - Oxygen 
¢ Dimensions - Resistivity 

- ¢ Control Charts Related to 
* Edge Conditions - Enhanced Gettering 


- Total Thickness Variation 

- Total Indicated Reading 

- Particulates 
¢ Certificated of Analysis for all Critical Parameters 
¢ Control Charts from On-Line Processing 


¢ Certificate of Conformance 


e Taper 
¢ Thickness 

e Total Thickness Variation 
¢ Backside Criteria 

e Oxygen 

Carbon 


Chemicals/Photoresists/ 
Gases 


Chemicals Certificate of Analysis on all Critical Parameters 
- Assay Certificate of Conformance 


. Paani Control Charts from On-Line Processing 
- Spiral Flow Control Charts 
- Thermal Characteristics - Assay 
e Gases - Contaminants 
- Impurities - Water 
¢ Photoresists - Selected Parameters 
- Viscosity Control Charts 
- Film Thickness - Assay 
- Solids - Contaminants 
- Pinholes Control Charts on 


- Photospeed 

- Thickness 

- UV Absorbance 
- Filterability 

- Water 

- Contaminants 


Thin Film Materials 


Control Charts from On-Line Processing 
¢ Control Charts 

- Assay 

- Contaminants 

- Dimensional Characteristics 
¢ Certificate of Analysis for all Critical Parameters 


- Certificate of Conformance 


e Assay 
Selected Contaminants 


Assembly Materials Visual Inspection 
¢ Physical Dimension Checks 
¢ Glass Composition 

¢ Bondability 

¢ Intermetallic Layer Adhesion 
¢ lonic Contaminants 

¢ Thermal Characteristics 

¢ Lead Coplanarity 

e Plating Thickness 
Hermeticity 


Certificate of Analysis 
° Certificate of Conformance 


¢ Process Control Charts on Outgoing Product 
Checks and In-Line Process Controls 
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Calibration Laboratory 


Another important resource in the product assurance system 
is a calibration lab in each Harris Semiconductor operation 
site. These labs are responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment used in 
both production and engineering areas. The accuracy of 
instruments used at Harris is traceable to a national stan- 
dards. Each lab maintains a system which conforms to the 
current revision of MIL-STD-45662, “Calibration System 
Requirements.” 


Each instrument requiring calibration is assigned a calibration 
interval based upon stability, purpose, and degree of use. The 
equipment is labeled with an identification tag on which is 
specified both the date of the last calibration and of the next 
required calibration. The Calibration Lab reports on a regular 
basis to each user department. Equipment out of calibration is 
taken out of service until calibration is performed. The Quality 
organization performs periodic audits to assure proper control 
in the using areas. Statistical procedures are used where 
applicable in the calibration process. 


Manufacturing Science - CAM, JIT, TPM 


In addition to SPC and DOX as key tools to control the prod- 
uct and processes, Harris is deploying other management 
mechanisms in the factory. On first examination, these tools 
appear to be directed more at schedules and capacity. How- 
ever, they have a significant impact on quality results. 


Computer Aided Manufacturing (CAM) 


CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In addi- 
tion, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and 
aids in managing work in process (WIP) and inventories. 


The use of CAM has resulted in significant improvements in 
many areas. Better wafer lot tracking has facilitated a num- 
ber of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - in some cases by as much as a factor of 2. 


The most dramatic benefit has been the reduction of WIP 
inventory levels, in one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement. In wafer 
fab, defect rates are lower because wafers spend less time in 
production areas awaiting processing. Lower inventory also 
improves morale and brings a more orderly flow to the area. 
CAM facilitates all of these advantages. 


Just In Time (JIT) 


The major focus of JIT is cycle time reduction and linear pro- 
duction. Significant improvements in these areas result in 
large benefits to the customer. JIT is a part of the Total Quality 
Management philosophy at Harris and includes Employee 
Involvement, Total Quality Control, and the total elimination of 
waste. 


Some key JIT methods used for improvement are sequence 
of events analysis for the elimination of non-value added activ- 
ities, demand/pull to improve production flow, TQC check 
points and Employee Involvement Teams using root cause 
analysis for problem solving. 


JIT implementations at Harris Semiconductor have resulted in 
significant improvements in cycle time and linearity. The bene- 
fits from these improvements are better on time delivery, 
improved yield, and a more cost effective operation. 


JIT, SPC, and TPM are complementary methodologies and 
used in conjunction with each other create a very powerful 
force for manufacturing improvement. 


Total Productive Maintenance (TPM) 


TPM or Total Productive Maintenance is a specific methodol- 
ogy which utilizes a definite set of principles and tools focus- 
ing on the improvement of equipment utilization. It focuses on 
the total elimination of the six major losses which are equip- 
ment failures, setup and adjustment, idling and minor stop- 
pages, reduced speed, process defects, and reduced yield. A 
key measure of progress within TPM is the overall equipment 
effectiveness which indicates what percentage of the time is a 
particular equipment producing good parts. The basic TPM 
principles focus on maximum equipment utilization, autono- 
mous maintenance, cross functional team involvement, and 
zero defects. There are some key tools within the TPM techni- 
cal set which have proven to be very powerful to solve long 
standing problems. They are initial clean, P-M analysis, condi- 
tion based maintenance, and quality maintenance. 


Utilization of TPM has shown significant increases in utiliza- 
tion on many tools across the Sector and is rapidly becoming 
widespread and recognized as a very valuable tool to improve 
manufacturing competitiveness. 


The major benefits of TPM are capital avoidance, reduced 
costs, increased capability, and increased quality. It is also 
very compatible with SPC techniques since SPC is a good 
stepping stone to TPM implementation and it is in turn a good 
stepping stone to JIT because a high overall equipment effec- 
tiveness guarantees the equipment to be available and opera- 
tional at the right time as demanded by JIT. 
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introduction 


At Harris Semiconductor, reliability is built into every product 
by emphasizing quality throughout manufacturing. This starts 
by ensuring the excellence of the design, layout, and manu- 
facturing processes. The quality of the raw materials and 
workmanship is monitored using statistical process control 
(SPC) to preserve the reliability of the product. The primary 
and ultimate goal of these efforts is to provide full perfor- 
mance to the product specification throughout its useful life. 


Reliability Engineering 


The Reliability Engineering department is responsible for all 
aspects of reliability assurance at Harris Semiconductor: 


e Charter 


- To ensure that Harris is recognized by our customers 
and competitors as a company that consistently 
delivers products with high reliability. 


e Mission 
- To develop systems for assessing, enhancing, and 
assuring that quality and reliability are integrated into 
all aspects of our business. 


e Vision 
- To establish excellence and integrity through all 
design and manufacturing processes as it relates to 
quality and reliability. 


Values: 


¢ To be considered responsive and service oriented by 
our customers. 

¢ To be acknowledged by Harris as a highly qualified 
resource for reliability assurance, product analysis, and 


electronic materials characterization. 

¢ To successfully utilize the organization’s talents 
through trained, empowered employees/employee 
team participation. 

¢ To maintain an attitude of integrity, dignity and respect 
for all. 


Strategy: 


¢ To provide quantitative assessments of product reliabil- 
ity focusing on the identification and timely elimination 
of design and processing deficiencies that degrade 
product performance and operating life expectancy. 

e To provide systems for continuous improvement of reli- 
ability and quality through the assessment of existing 
processes, products, and packages. 

¢ To perform product analysis as a means of problem 
solving and feedback to our customers, both internal 
and external. 

e To exercise full authority over the internal qualifications 
of new products, processes, and packages. 


The reliability organization is comprised of a team that pos- 
sesses a broad cross section of expertise in these areas: 


e¢ Custom Military (Radiation Hardened) 

¢ Automotive ASICs 

e Harsh Environment Plastic Packaging 

e Advanced Methods for Design for Reliability (DFR) 
e Strength in Power Semiconductor 

e Chemical/Surface Analysis Capabilities 

e Failure Analysis Capabilities 


The reliability focus is customer satisfaction (external and 
internal) and is accomplished through the development of 
standards, performance metrics, and service systems. These 
major systems are summarized below: 


e A process and product development system known as 
ACT PTM (Applying Concurrent Teams to Product-To- 
Market) has been established. The ACT PTM philosophy 
is one of new product development through a team that 
pursues customer involvement. The team has the author- 
ity, responsibility, and training necessary to successfully 
bring the product to market. This not only includes product 
definition and design, but also all manufacturing capabili- 
ties as well. 


Standard test vehicles (over 100) have been developed for 
process characterization of wear-out failure mechanisms. 
These vehicles are used for conventional stresses (for 
modeling failure rates) and for wafer level reliability char- 
acterization during development. 


¢ Common qualification standards have been established 
for all sites. 


A reliability monitoring system (also known as the Matrix 
monitoring system) is utilized for products in production to 
ensure ongoing reliability and verification of continuous 
improvement. 


The field return system is designed to handle a variety of 
customer issues in a timely manner. Product issues are 
often handled by routing the product into the PFAST 
(Product Failure Analysis Solution Team) system. Return 
authorizations (RAs) are issued where an entire lot of 
product needs to be returned to Harris. The Customer 
Return Services (CRS) group is responsible for the admin- 
istration of this system (see Customer Return Services.) 


The PFAST system has been established to expedite fail- 
ure analysis, failure root cause determination, and correc- 
tive actions for field returns. PFAST is a team effort involv- 
ing many functional areas at all Harris sites. The purpose 
of this system is to enable Harris’s Field Sales and Quality 
operations to properly route, track, and respond to our 
customer’s needs as they relate to product analysis. 
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Design for Reliability 
(Wear-Out Characterization) 


The concept of “Design for Reliability” focuses on moving reli- 
ability assessment away from tests on sample product to a 
point much earlier in the design cycle. Effort is directed at 
building in and verifying the reliability of a new process well 
before manufacture of the first shippable product that uses 
that technology. This gives these first new products a higher 
probability of success and achieves reduced product-to-mar- 
ket cycle times. 


In practice, a set of standardized test vehicles containing spe- 
cial test structures are transferred to the new process using 
the layout ground rules specified for that process. Each test 
structure is designed for a specific wear-out failure mecha- 
nism. Highly accelerated stress tests are performed on these 
structures and the results can be extrapolated to customer 
use conditions. Generally, log-normal statistics are used to 
define wear-out distributions for the life prediction models. The 
results are used to establish reliability design. ground rules 
and critical node lists for each process. These ground rules 
and critical nodes ensure that wear-out failures do not occur 
during the customer's projected use of the product. 


Process/Product/Package Qualifications 


Once the new process has successfully completed wear-out 
characterization, the final qualification consists of more con- 
ventional testing (e.g. biased life, storage life, temp cycle etc.). 
These tests are performed on the first new product designs 
(sampled across multiple wafer production lots). Successful 
completion of the final qualification tests concurrently qualifies 
the new process and the new products that were used in the 
qualification. Subsequent products designed within the now- 
established ground rules are qualified individually prior to 
introduction. New package configurations are also qualified 
individually prior to being available for use with new products. 


Harris's qualification procedures are specified via controlled 
documentation and the same standard is used at Harris’s 
sites worldwide. Figure 4 gives more information on the new 
process/product development and life cycle. 


Product/Package Reliability Monitors 


Many of the accelerated stress-tests used during initial reli- 
ability qualification are also employed during the routine moni- 
toring of standard product. Harris’s continuing reliability 
monitoring program consists of three groups of stress tests, 
labeled Matrix I, Il and Ill. Table 7 outlines the Matrix tests 
used to monitor plastic packaged ICs in Harris’s off-shore 
assembly plants, where each wafer fab technology is sam- 
pled. Matrix | consists of highly accelerated, short duration 
(typically 48 hours) tests, sampled biweekly, which provide 
real-time feedback on product reliability. Matrix Il consists of 
the more conventional, longer term stress-tests, sampled 
monthly, which are similar to those used for product qualifica- 
tion. Finally, Matrix Ill, performed monthly on each package 
Style, monitors the mechanical reliability aspects of the pack- 
age. Any failures occurring on the Matrix monitors are fully 
analyzed and the failure mechanisms identified, with contain- 
ment and corrective actions obtained from Manufacturing and 


Engineering. This information along with all of the test results 
are routinely transmitted to a central data base in Reliability 
Engineering, where failure rate trends are analyzed and 
tracked on an ongoing basis. These data are used to drive 
product improvements, to ensure that failure rates are contin- 
uously being reduced over time. 


Reliability data, including the Matrix Monitor results, can be 
obtained by contacting your local Harris sales office. 


TABLE 7. PLASTIC PACKAGED IC MONITORING TESTS 


MATRIX ! 


SAMPLE/ 
TEST CONDITIONS DURATION LTPD 


Autoclave +121°%C, 96 Hours 45/5 
100%RH, 15PSIG 


MATRIX Il 


SAMPLE/ 
TEST CONDITIONS DURATION LTPD 


100%RH, 15PSIG 


MATRIX Ill 


est | covorons [sano 
Mrs 659200 


Lead Fatigue 


Physical Dimensions 


Solderability 
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FLOW - PROCESS/PRODUCT RELIABILITY FOCUS 
DEVELOPMENT 


PRODUCT DEFINITION REVIEW e Assumes process development required 


ent 


CONCEPT REVIEW ¢ Evaluate reliability risks factors 

e Attain commitment for test vehicle development 

DESIGN REVIEW e Review test vehicle development and stress test plan 

e Review package requirements and ESD requirements 

¢ Review latent random failure mechanism history and design for elimination 

e Review ground rules for design and elimination of wear-out mechanisms 

e Review process characterization, statistical control and capability and critical 
node list 

e Review device modeling and simulations 

¢ Review process variability and producibility 

¢ Define wafer level reliability vehicles 


gee 


LAYOUT REVIEW e Evaluate design of chip to package risk factors 
e Review Design ground Rule Checks (DRCs) 
e Establish reliability test, stress and failure analysis capabilities 
¢ Project failure rate based on test vehicle data 
¢ Review burn-in diagrams for production and qualification 
e Review overall qualification plan 


TEST VEHICLE FABRICATION ¢ Test vehicles and/or product constructed 


¢ Conduct wear-out characterization and/or product stress testing 


EVALUATION REVIEW e Review test vehicle stress results 


¢ Verify wear-out mechanisms are eliminated by design and Statistical Process 
Control (test vehicle + SPC) | 
e Review product characterization to data sheet, ESD, latch-up and Destructive 
Physical Analysis (DPA) results and define corrective actions 
e Review of life test data and failure mechanisms. Define corrective actions 
e Utilize statistical Design Of Experiments (DOX) if required to adjust process or de- 
sign 
¢ Define necessary changes to eliminate any systematic failure mechanism 
e If mature process - grant generic release 
NEW PRODUCT TRANSFER * Qualification requirements complete and presented. Meet FIT rate requirements 
e Review infant mortality burn-in results 
¢ Initiate reliability monitor plan 


2 


MANUFACTURE ¢ Reliabiltiy Monitors: 
- Matrix monitor assessment 
- Military quality conformance testing 

¢ Trend analysis of reliability performance used to develop product improve- 
ments 

e Yield management support 


gee 
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SHIPMENT ¢ High quality and reliable products shipped to Harris customers 


xn 


CONTINUOUS IMPROVEMENT ¢ Failure Analysis - Determine assignable cause of failure 
¢ Closed loop corrective action process 
¢ Continuous improvement objectives in product reliability and quality 


FIGURE 4. NEW PROCESS/PRODUCT DEVELOPMENT AND LIFE CYCLE 
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Customer Return Services 


Harris places a high priority on resolving customer return 
issues. The Customer Return Services (CRS) department is 
responsible for determining the best manner to handle a 
return issue as illustrated in Figure 5. 


RA PFAST 
REQUEST REQUEST 


ELECTRICAL TEST/ 
PROBLEM VERIFICATION 


FAILURE 
ANALYSIS 


CONTAINMENT ACTIONS 
AND CORRECTIVE ACTIONS 


FIGURE 5. GENERAL RETURN FLOW 


The diversity of return reasons requires that many ifferent 
organizations be involved to test, analyze, and correct field 
return issues. The CRS group coordinates the responses 
from the supporting organizations to drive closure of issues 
within the customer response time requirements, see Table 8. 
The results from the work performed on customer returns are 
used to initiate corrective actions and continuous improve- 
ments within the factories. When the work on a return is com- 
pleted, the customer is contacted to be certain all issues have 
been satisfactorily resolved. 


The two methods used to return devices are by a RA (Return 
Authorization) request or by a PFAST (Product Failure Analy- 
sis Solution Team) request. The main difference between RA 
and PFAST is that the PFAST requests often require exten- 
sive analysis and a more formal response to the customer. All 
returns follow the same general procedure from the custom- 
er’s perspective as seen in steps one to five of the customer 
return procedure. 


Step 1 - Customer or Sales office contacts the Cus- 
tomer Return Services department. If a return is to be 
routed into the PFAST system, then a PFAST Action 
Request (see the PFAST form in this section) needs to 
completed to understand the customer's issue and 
direct the analysis efforts. 


- Phone Number: (407)-724-7400 

- FAX Number: (407)-724-7658 

- Internet: creturn @huey.mis.semi.harris.com 
- PROFS: CRETURN 


Step 2 - The Customer Return Services department 
notifies all affected sales, factory, and engineering 
organizations of the issue. 


Step 3 - When product is received, the issue is verified 
and any required analysis is performed. Where applica- 
ble, a preliminary analysis report is sent to the cus- 
tomer. 


Step 4 - A determination of the root cause of failure ini- 
tiates the corrective actions to address the source of 
the problem. A final corrective action report is sent to 
the customer if requested. 


Step 5 - The Customer Return Services department 
contacts the customer to confirm that all issues have 
been handled properly and the customer is satisfied 
that the return is completed. 


The RA request is used to return and replace an entire lot of 
product. The lot is returned to Harris for replacement or credit. 
Once the product is received various tests and evaluations will 
be performed to determine the appropriate actions that should 
be taken to resolve any problems or issues. 


A PFAST request is used to return a small sample for analysis 
of a problem. The ultimate outcome of both types of requests 
is to determine corrective actions that would preclude the 
same problem occurring in the future. Where appropriate, a 
containment plan is also implemented to prevent a re-occur- 
rence of the problem in the field. The customer return flow dia- 
gram (Figure 6) provides the typical activities and cycle times 
for processing a PFAST request. 
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TABLE 8. CUSTOMER RETURN SERVICES 


To resolve product quality issues | To provide a single point interface . Maintain customer returm history. 
while providing feedback to both | between the customer and the fac- 
external and internal customers to | tory for resolving technical prob- 
facilitate corrective actions and con- | lems, issues, and field returns. . Establish a history library of problems 
tinuous improvement of the product. and corrective actions. 


Track returns through the factory. 


Ensure closure with customers. 


STATUS UPDATE 
CUSTOMER 
| cusrouen PRODUCT ANALYSIS REPORT CUSTOMER 


CUSTOMER RETURN SERVICES GROUP a 
CORRECTIVE 
ACTION 
FAILURE 


TEST 


ACTION 
REQUIRED? REQUIRED? 
PRODUCT 
ENGINEERING YES 
ANALYSIS 
LABORATORY 
MANUFACTURING 


3 DAYS 15 DAYS 


ASSEMBLY 
ENGINEERING 


15 DAYS 


FINAL 
OUTPUT 


sialic FAILURE FAILURE ANALYSIS CORRECTIVE ACTIONS 


VERIFICATION (IF REQUIRED) AND CONTAINMENT ACTIONS 


33 DAYS TOTAL CYCLE TIME 


NOTE: The days indicated are the typical number of ‘working days’ not calendar days. analysis difficulty 
and the nature of the corrective actions may either improve or degrade the total cycle time. 


FIGURE 6. CUSTOMER RETURN FLOW DIAGRAM 
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HARRIS Reyes 
eh semiconpuctor PFAST ACTION REQUEST 


(Product Failure Analysis Solution Team) 
Date: 


Originator Customer 
Company/Phone No. Location 

Device Type/Part No. Customer's Reference No. 
No. Samples Returned Quantity Received 


Instructions and requirements are on the back of this form. 
Has Field Applications been contacted for assistance? [] No [[] Yes- Who was contacted 


SOURCE OF PROBLEM REASON FOR ELECTRICAL REJECT 
(Enter the sequence of events in the boxes provided) (Where appropriate serialize units and specify for each) 


Visual/Mechanical Test Conditions Relating to Failure 
[_] Describe Tester Used (Mfgr/Model) 
Test Temperature 


Incoming Test (-] Not Performed 
[] 100% Tested C) Sample Tested 


No. Tested No. of Rejects 

Are results representative of previous lots? 

[|] YES [] NO 

In Process/Manufacturing Failure 

[] Board Test [_] System Test 
How many units failed? 


Failed after hours of testing 

Was unit retested at incoming inspection? 
[] YES [] NO 
Are results representative of previous lots? 
[] YES [] NO 
Field Failure 

Failed after hours operation 
Estimated failure rate % per 

End User Location 


Min. °C Os Ave. °C Max. 
Other 


ACTION REQUESTED BY CUSTOMER 


Specific Action Requested (Contact PFAST Coordinator for other 


options) 
(] Test Sample for Correlation Only 
[J Test Sample for Product Return >$5k 
[] Failure Analysis 
(J Other 
Impact of Failed Units on Customer's Situation: 


Customer Contact with Specific Knowledge of Rejects 
Name 
Position Phone 


Additional Comments: 


Test Time [J] Continuous (T = sec) 
[-] One Shot (T = sec) 

Describe any observed condition to which 

failure appears sensitive 


(J DC Failure 
-] Open [] Short [_] Leakage 
[] Power Drain [J InputLevel [(] Output Level 
Pin Number. 
[J AC Failure 
Power Supply Voltages = 
Input Voltages Vj; = 
Pin Number. 
Failing characteristics 


[-] RAM and ROM Failures (ROM failures must be 
returned with a good master unit if failure 
analysis is requested). 

Address of Failing Location 


Describe Pattern Used (If not standard 
patterns, give very complete description 
including address sequence). 


Include timing diagrams and circuit schematic if available. 
ROM Programmer Used (If purchased 
unprogrammed) 


Conformal Coating (Mfgr/Model) 


FIGURE 7. PFAST ACTION REQUEST 


INSTRUCTIONS FOR COMPLETING PFAST ACTION REQUEST FORM 


The purpose of this form is to help us provide you with a more accurate, complete, and timely response to failures which may occur. Accurate 
and complete information is essential to ensure that the appropriate corrective action can be implemented. Due to this need for accurate and 
complete information, requests without a completed PFAST Action Request form will be returned. 


Source of Problem: 


This section requests the product flow leading to the failure. Mark an ‘X’ in the appropriate boxes up to and including the step which detected 
the failure. Also mark an ‘X’ in the appropriate box under “ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS?” to indicate whether 
this is a rare failure or a repeated problem. 


Example 2. 100 out of the 500 units shipped were tested at incom- 
ing and all passed. The units were installed into boards and the 
boards passed. The boards were installed into the system and the 
system failed immediately when turned on. There were 3 system 
failures due to this part. The customer frequently has failures of 
this Harris device. The 3 units were not retested at incoming. 


Example 1. No incoming electrical test was performed; the units 
were installed onto boards; the boards functioned correctly for t'vo 
hours and then 1 unit failed. The customer rarely has a failure due 
to the Harris device. 


SOURCE OF PROBLEM 
(Enter the sequence of events in the boxes provided) 


1. VISUAL/MECHANICAL 
 DesscRIBE 


SOURCE OF PROBLEM 
(Enter the sequence of events im the boxes provided) 


1. VISUAL/MECHANICAL 
OQ) Descripe 


2. INCOMING TEST @ Not PERFORMED 2. INCOMING TEST Q) Not PERFORMED 


Q 100% TesTeD QO) SAMPLE TESTED Q 100% TesteD @ SAMPLE TESTED 
No. TESTED No. OF REJECTS. No. TESTED __J00 NO.OF REJECTS. 0 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 
Q YES OQ NO @ YES QO NO 
3. IN PROCESS/MANUFACTURING F AILURE 3. IN PROCESS/MANUFACTURING F AILURE 
Q@ Boarp Test QO) System TEsT @) Boarp TEST @ SyYsTEM Test 
HOW MANY UNITS FAILED? __ HOW MANY UNITS FAILED? __ 
FAILED AFTER___ 2 _s HOURS OF TESTING FAILED AFTER___ 0 _— HOURS OF TESTING 
WAS UNIT RETESTED AT INCOMING INSPECTION? WAS UNIT RETESTED AT INCOMING INSPECTION? 
Q YES @ No Q) YES @ No 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 
OQ YES @ No @ YES QO No 
4. FIELD FAILURE 4. FIELD FAILURE 
FAILED AFTER HOURS OPERATION FAILED AFTER HOURS. OPERATION 
ESTIMATED FAILURE RATE % PER ESTIMATED FAILURE RATE % PER 
END USER LOCATION END USER LOCATION 
Mn... °C —3—- AVE... CCMA Min... C—O AVE... "CCW. 


. OTHER 5. OTHER 


Action Requested by Customer: 
This section should be completed with the customer’s expectations. This information is essential for an appropriate response. 
Reason for Electrical Reject: 


This section should be completed if the type of failure could be identified. If this information is contained in attached customer correspondence 
there is no need to transpose onto the PFAST Action Request form. 


PFAST REQUIREMENTS 


The value of returning failing products is in the corrective actions that are generated. Failure to meet the following requirements can cause erro- 
neous conclusion and corrective action; therefore, failure to meet these requirements will result in the request being returned. Contact the local 
PFAST Coordinator if you have any questions. 


Units with conformal coating should include the coating manufacturer and model. This is requested since the coating must be removed in order 
to perform electrical and hermeticity testing. 


1. Units must be returned with proper ESD protection (ESD-safe shipping tubes within shielding box/bag or inserted into conductive foam 
within shielding box/bag). No tape, paper bags, or plastic bags should be used. This requirement ensures that the devices are not damaged 
during shipment back to Harris. 


2. Units must be intact (lid not removed and at least part of each package lead present). This is a requirement since the parts must be intact in 
order to perform electrical test. Also, opening the package can remove evidence of the cause of failure and lead to an incorrect conclusion. 


3. Programmable parts (ROMs, PROMs, UVEPROMs, and EEPROMs) must include a master unit with the same pattern. This requirement is 
to provide the pattern so all failing locations can be identified. A master unit is required if a failure analysis is requested. 


FIGURE 7. PFAST ACTION REQUEST (Continued) 
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Product Analysis Lab 


The Product Analysis Laboratory capabilities and charter 
encompass the isolation and identification of failure modes 
and mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. The primary 
activities of the Product Analysis Lab are electrical verifica- 
tion/characterization of the failure, package inspection/analy- 
sis, die inspection/analysis, and circuit isolation/probing. A 
variety of tools and techniques have been developed to 
ensure the accuracy and integrity of the product analysis. This 
section lists some of the tools and techniques that are 
employed during a typical analysis. 

The electrical verification/characterization of devices failing 
electrical parameters is essential prior to performing an analy- 
sis. The information obtained from the electrical verification 
provides a direction for the analysis efforts. The following 
electrical verification/characterization equipment may be used 
to obtain electrical data on a device: 


e LV500 ASIC verification system 
¢ LTS2020 Analog tester 

¢ Curve Tracer 

e¢ Parametric Analyzer 


Prior to die level analysis, package inspection and analysis 
are performed. These steps are performed routinely since 
valuable data may not be obtainable once the package is 
opened. The package inspection and analysis may require 
the use of some of the following lab equipment: 

e X-ray 

¢ C-mode Scanning Acoustic Microscope (C-SAM) 

¢ Optical inspection microscopes 


¢ Package opening tools and techniques 


SPECIAL TESTS 
FAILURE MODE 
PREDICTIONS 


SELECT ANALYSIS PATH 


NON-DESTRUCTIVE 


Once the device has been opened, die inspection and analy- 
sis can be performed. Depending on the type of failure, sev- 
eral tools and techniques may be used to identify the failure 
mechanism. Usually the faster and easier to use operations 
are performed first in an attempt to expedite the analysis. The 
list of equipment and techniques for performing die inspection 
and analysis is as follows: 


¢ Optical microscopes 

e Liquid crystal 

e Emission microscope 

¢ Scanning electron microscopes - SEM 


The final step of circuit isolation is ready to be performed 
when an area of the circuit has been identified as the source 
of the problem through one of the previous analysis efforts. 
Circuit analysis is performed using the following probing and 
isolation tools: 


¢ Mechanical probing 
-e Laser cutter and isolation 
e E-beam probing 
¢ Cross sectioning and chemical deprocessing 


A typical analysis flow is shown in the Figure 8 below. The 
exact analysis steps and sequence are determined as the sit- 
uation dictates. For the analysis to be conclusive, it is essen- 
tial that the failure mechanism correlates to the initial product 
failure conditions. Some failure mechanisms require elemen- 
tal and chemical analysis to identify the root cause within the 
manufacturing process. Elemental and chemical analysis 
tasks are sent to the Analytical Services Lab for further evalu- 
ation. 


The results of each analysis are entered into a computer data 
base. This data base is used to search for specific types of 
problems, to identify trends, and to verify that the corrective 
actions were effective. 


DEENCAPSULATION 
INTERNAL VISUAL 
INSPECTION 


ie 

ren “TESTS 

me seri 
DESTRUCTIVE 


FIGURE 8. ANALYSIS SEQUENCE 
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Analytical Services Laboratory MICROBEAM LABORATORY 


. e . . . [ | 
Chemical and physical analysis of materials and processes is 
ELECTRON X-RAY 


an integral part of Harris’s Total Quality/Continuous Improve- BEAM ANALYSIS 
ment efforts to build reliability into processes and products. 
Manufacturing operations are supported with real-time analy- 


intai i SCANNING ENERGY 
ses to help maintain robust processes. Analyses are run in ELECTRON DISPERSIVE 
cooperation with raw material suppliers to help them provide MICROSCOPES X-RAY 


controlled materials in dock-to-stock procurement programs. 
Harris facilities, engineering, manufacturing, and product 


assurance are supported by the Analytical Services Labora- einen Mv encse 
tory. Organized into chemical or microbeam analysis method- MICROPROBE MICROSCOPE 


ology, staff and instrumentation from both labs cooperate in 
fully integrated approaches necessary to complete analytical 


Studies. TRANSMISSION X-RAY 
Le ELECTRON PHOTOELECTRON 
The department also maintains ongoing working arrange- MICROSCOPE SPECTROMETER 


ments with commercial laboratories, universities, and equip- 
ment manufacturers to obtain any materials analysis in 
cases where instrumental capabilities are not available in 
our own facility. 


X-RAY 
FLUORESCENCE 


FIGURE 9. MICROBEAM LABORATORY 


Figure 9 and Figure 10 show the capabilities of each area. 


CHEMISTRY LABORATORY 


SPECTROSCOPY SEPARATION METHODS THERMAL ANALYSIS PHYSICAL TESTING 


PROFILOMETERS 
MICROHARDNESS 
VISCOMETRY 


EMISSION GAS SCANNING — 


SPECTROGRAPH CHROMATOGRAPH Cc Ronee 


hetero eal 


INFRARED ION THERMOGRAVIMETRIC 
SPECTROPHOTOMETER CHROMATOGRAPH ANALYZER 


GAS 
UV VISIBLE THERMOMECHANICAL 
SPECTROPHOTOMETER shee cncerorair Tce ANALYZER 


H20, 02 AND THC 
ANALYZERS 


ORGANIC CARBON 
ANALYZER 


MASS SPECTROMETER 


MASS (PACKAGE GAS 
SPECTROMETER ANALYSIS) 
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ATOMIC ABSORPTION 
SPECTROPHOTOMETER 


GRAPHITE 
FURNACE 


FIGURE 10. CHEMISTRY LABORATORY 
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Reliability Fundamentals and Calculation 


of Failure Rate = failure rate in FITs (Number fails in 10° device hours) 


Table 9 defines some of the more important terminology used = number of distinct possible failure mechanisms 
in describing the lifetime of integrated circuits. Of prime impor- 


tance is the concept of “failure rate” and its calculation. = imme OF Iie teats being eoraaen 


Failure Rate Calculations x; = ‘ane of a for a given failure mechanism 

Since reliability data can be accumulated from a number of TDH, = Total device hours of test time (unaccelerated) for Life Test 
different life tests with several different failure mechanisms, a j,J=1,2,3,...K 

comprehensive failure rate is desired. The failure rate calcula- = f eo ee ea ae 
tion can be complicated if there are more than one failure AF\= ane gaa a ene ai , 
mechanism in a life test, since the failure mechanisms are A 

thermally activated at different rates The equation below M = a i are2y? 


accounts for these considerations along with a statistical 2_ 
factor to obtain the upper confidence level (UCL) for the al Pre peerage? aly 7 oo all cata 
resulting failure rate. a= risk associated with UCL; 
i.e. & = (100-UCL(%))/100 
B ” 9 In the failure rate calculation, Acceleration Factors (AFj) are 
1=/> —___ | id M10 used to derate the failure rate from the thermally accelerated 
eae i life test conditions to a failure rate indicative of actual use 
> TDH, AF; > % temperature. Although no standard exists, a temperature of 
j=1 i=1 +55°C has been popular. Harris Semiconductor Reliability 
Reports will derate to +55°C and will express failure rates at 
60% UCL. Other derating temperatures and UCLs are 
available upon request. 


TABLE 9. FAILURE RATE PRIMER 


TERMS DEFINITIONS/DESCRIPTION 
Failure Rate Measure of failure per unit of time. The early life failure rate is typically higher, decreases slightly, 
and then becomes relatively constant over time. The onset of wear-out will show an increasing fail- 
ure rate, which should occur well beyond useful life. The useful life failure rate is based on the ex- 
ponenitial life distribution. 
FIT (Failure In Time) Measure of failure rate in 10° device hours; @.g., 1 FIT = 1 failure in 10° device hours, 100 FITS = 
100 failure in 10° device hours, etc. 
The summation of the number of units in operation multiplied by the time of operation. 
MTTF (Mean Time To Failure) Mean of the life distribution for the population of devices under operation or expected lifetime of an 


individual, MTTF = 1/A, which is the time where 63.2% of the population has failed. Example: For 
X= 10 FITS (or 10 E-9/Hr.), MTTF = 1/A = 100 million hours. 


Confidence Level (or Limit) 


Acceleration Factor (AF) 


Probability level at which population failure rate estimates are derived from sample life test: 10 FITs 
at 95% UCL means that the population failure rate is estimated to be no more that 10 FITs with 95% 
certainty. The upper limit of the confidence interval is used. 


Aconstant derived from experimental data which relates the times to failure at two different stresses. 
The AF allows extrapolation of failure rates from accelerated test conditions to use conditions. 
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Acceleration Factors Activation Energy 


Acceleration factor is determined from the Arrhenius The Activation Energy (Eq) of a failure mechanism is deter- 
Equation. This equation is used to describe physiochemical mined by performing at least two tests at different levels of 
reaction rates and has been found to be an appropriate stress (temperature and/or voltage). The stresses will pro- 
model for expressing the thermal acceleration of semicon- _ vide the time to failure (t,) for the two (or more) populations 


ductor failure mechanisms. thus allowing the simultaneous solution for the activation 
energy as follows: 
ES 1 1 
AF = exp| f(g -- | | 
use stress n (ty) = C + Eg In (to) = C + E, 
kT, kT. 
where, By subtracting the two equations and solving for the activa- 


AF = Acceleration Factor tion energy, the following equation is obtained: 


E, = Thermal Activation Energy (See Table 10) _ KLIn(t )—In (tho) ] 
k = Boltzmann’s Constant (8.63 x 10°5 eV/°K) - (1/T1-1/T2) 


Tr : where, 
Both Tyse and Totregg (in degrees Kelvin) include the internal 
temperature rise of the device and therefore represent the E, = Thermal Activation Energy (See Table 10) 
junction temperature. k = Boltzmann's Constant (8.63 x 10-5 eV/°K) 


T,, T2= Life test temperatures in degrees Kelvin 


TABLE 10. FAILURE MECHANISM 
FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY CONTROL METHODOLOGY 
Oxide Defects 0.3eV-0.5eV | High temperature operating life (HTOL) and | Statistical Process Control of oxide parameters, 
voltage stress. Defect density test vehicles. defect density control, and voltage stress testing. 
Silicon Defects 0.3eV -0.5eV | HTOL and voltage stress screens. Vendor statistical Quality Control programs, and 
(Bulk) Statistical Process Control on thermal processes. 
Corrosion 0.45eV Highly accelerated stress testing (HAST) Passivation dopant control, hermetic seal control, 
improved mold compounds, and product han- 
Assembly 0.5eV-0.7eV | Temperature cycling, temperature and | Vendor Statistical Quality Control programs, 
Defects 


dling. 
mechanical shock, and _ environmental | Statistical Process Control of assembly process- 
stressing. es, proper handling methods. 
Electromigration 
- Al Line 0.6eV 
0.9eV 
- Contact 
Mask Defects/ 0.7eV 
Photoresist 


Design ground rules, wafer process statistical 
process steps, photoresist, metals and 
passivation 


Test vehicle characterizations at highly 
elevated temperatures. 


Clean room control, clean mask, pellicles, 
Statistical Process Control of photoresist/etch 
processes. 


Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 
and HTOL. 


Defects 


Charge Injection 


Statistical Process Control of C-V data, oxide/ 
interconnect cleans, high integrity glassivation 
and clean assembly processes. 


C-V stress at oxide/interconnect, wafer FAB 
device stress test and HTOL. 


Design ground rules, wafer level Statistical 
Process Control and critical dimensions for 
oxides. 


HTOL and oxide characterization. 
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ELECTROSTATIC DISCHARGE CONTROL 
A GUIDE TO HANDLING INTEGRATED CIRCUITS 


This paper discusses methods and materials recommended 
for protection of ICs against ESD damage or degradation 
during manufacturing operations vulnerable to ESD expo- 
sure. Areas of concern include dice prep and handling, dice 
and package inspection, packing, shipping, receiving, test- 
ing, assembly and all operations wurhere ICs are involved. 


All integrated circuits are sensitive to electrostatic discharge 
(ESD) to some degree. Since the introduction of integrated 
circuits with MOS structures and high quality junctions, safe 
and effective means of handling these devices have been of 
primary importance. 


If static discharge occurs at a sufficient magnitude, 2kV or 
greater, some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of 10kV in a low humidity 
environment; thus it becomes necessary for additional mea- 
sures to be implemented to eliminate or reduce static 
charge. Avoiding any damage or degradation by ESD when 
handling devices during the manufacturing flow is therefore 
essential. 


ESD Protection and Prevention Measures 


One method employed to protect gate oxide structures is to 
incorporate input protection diodes directly on the monolithic 
chip. However, there is no completely foolproof system of 
chip input protection in existence in the industry. 


In areas where ICs are being handled, certain equipment 
should be utilized to reduce the damaging effects of ESD. 
Typically, equipment such as grounded work stations, con- 
ductive wrist straps, conductive floor mats, ionized air blow- 
ers and conductive packaging materials are included in the 
IC handling environment. Any time an individual intends to 
handle an IC, in any way, they must insure they have been 
grounded to eliminate circuit damage. 


Grounding personnel can, practically, be performed by two 
methods. First, grounded wrist straps which are usually 
made of a conductive material, such as Velostat or metal. A 
resistor value of 1 megohm (1/2 watt) in series with the strap 
to ground completes a discharge path for ESD when the 
operator wears the strap in contact with the skin. Another 
method is to insure direct physical contact with a grounded, 
conductive work surface. 


This consists of a conductive surface like Velostat, covering 
the work area. The surface is connected to a 1 megohm (1/2 
watt) resistor in series with ground. 


Copyright © Harris Corporation 1994 


In addition to personnel grounding, areas where work is being 
performed with ICs, should be equipped with an ionized air 
blower. lonized air blowers force positive and negative ions 
simultaneously over the work area so that any nonconductors 
that are near the work surface would have their static charge 
neutralized before it would cause device damage or degrada- 
tion. 


Relative humidity in the work area should be maintained as 
high as practical. When the work environment is less than 40% 
RH, a static build-up condition can exist on nonconductors 
allowing stored charges to remain near the ICs causing possi- 
ble static electricity discharge to ICs. 


Integrated circuits that are being shipped or transported require 
special handling and packaging materials to eliminate ESD 
damage. Dice or packaged devices should be in conductive 
carriers during all phases of transport and handling. Leads of 
packaged devices can be shorted by tubular metallic carriers, 
conductive foam or foil. 


Do’s and Don’ts for Integrated 

Circuit Handling 

Do’s 

Do keep paper, nonconductive plastic, plastic foams and films 
or cardboard off the static controlled conductive bench top. 
Placing devices, loaded sticks or loaded burn-in boards on top 
of any of these materials effectively insulates them from ground 


and defeats the purpose of the static controlled conductive sur- 
face. 


Do keep hand creams and food away from static controlled 
conductive work surfaces. If spilled on the bench top, these 
materials will contaminate and increase the resistivity of the 
work area. 


Do be especially careful when using soldering guns around 
conductive work surfaces. Solder spills and heat from the gun 
may melt and damage the conductive mat. 


Do check the grounded wrist strap connections daily. Make cer- 
tain they are snugly fitted before starting work with the product. 


Do put on grounded wrist strap before touching any devices. 
This drains off any static build-up from the operator. 


Do know the ESD caution symbols. 


Do remove devices or loaded sticks from shielding bags only 
when grounded via wrist strap at grounded work station. This 
also applies when loading or removing devices from the antistatic 
Sticks or the loading on or removing from the burn-in boards. 
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Do wear grounded wrist straps in direct contact with the bare 
skin never over clothing. 


Do use the same ESD control with empty burn-in boards as 
with loaded boards if boards contain permanently mounted 
ICs as part of driver circuits. 


Do insure electrical test equipment and solder irons at an 
ESD control station are grounded and only uninsulated 
metal hand tools be used. Ordinary plastic solder suckers 
and other plastic assembly aids shall not be used. 


Do use ionizing air blowers in static controlled areas when 
the use of plastic (nonconductive) materials cannot be 
avoided. 


Don’ts 


Don’t allow anyone not grounded to touch devices, loaded 
sticks or loaded burn-in boards. To be grounded they must 
be standing on a conductive floor mat with conductive heel 
straps attached to footwear or must wear a grounded wrist 
strap. 


Don’t touch the devices by the pins or leads unless 
grounded since most ESD damage is done at these points. 


Don’t handle devices or loaded sticks during transport from 
work station to work station unless protected by shielding 
bags. These items must never be directly handled by any- 
one not grounded. 


Don’t use freon or chlorinated cleaners at a grounded work 
area. 


Don’t wax grounded static controlled conductive floor and 
bench top mats. This would allow build-up of an insulating 
layer and thus defeating the purpose of a conductive work 
surface. 


Don’t touch devices or loaded sticks or loaded burn-in 
boards with clothing or textiles even though grounded wrist 
strap is worn. This does not apply if conductive coats are 
worn. 


Don’t allow personnel to be attached to hard ground. There 
must always be 1 megohm series resistance (1/2 watt 
between the person and the ground). 


Don’t touch edge connectors of loaded burn-in boards or 
empty burn-in boards containing permanently mounted 


WRIST STRAP GROUND 
LEAD IS ATTACHED TO 
CONDUCTIVE BENCH TOP 


ESD WARNING SYMBOLS 


OO) 


GROUND, i.e. COLD WATER 


PIPE OR EQUIVALENT 


driver circuits when not grounded. This also applies to burn- 
in programming cards containing ICs. 


Don’t unload stick on a metal bench top allowing rapid dis- 
charge of charged devices. 


Don’t touch leads. Handle devices by their package even 
though grounded. 


Don’t allow plastic “snow or peanut” polystyrene foam or 
other high dielectric materials to come in contact with 
devices or loaded sticks or loaded burn-in boards. 


Don’t allow rubber/plastic floor mats in front of static con- 
trolled work benches. 


Don’t solvent-clean devices when loaded in antistatic sticks 
since this will remove antistatic inner coating from sticks. 


Don’t use antistatic sticks for more than one throughput pro- 
cess. Used sticks should not be reused unless recoated. 


Recommended Maintenance Procedures 


Daily 


Perform visual inspection of ground wires and terminals on 
floor mats, bench tops, and grounding receptacles to ensure 
that proper electrical connections via 1 megohm resistor (1/2 
watt) exist. 


Clean bench top mats with a soft cloth or paper towel damp- 
ened with a mild solution of detergent and water. 


Weekly 


Damp mop conductive floor mats to remove any accumu- 
lated dirt layer which causes high resistivity. 


Annually 
Replace nuclear elements for ionized air blowers. 


Review ESD protection procedures and equipment for 
updating and adequacy. 


Static Controlled Work Station 


The figure below shows an example of a work bench prop- 
erly equipped to control electro-static discharge. Note that 
the wrist strap is connected to a 1 megohm resistor. This 
resistor can be omitted in the setup if the wrist strap has a 1 
megohm assembled on the cable attached. 


R 


(6 CONDUCTIVE WRIST 
STRAP 


CONDUCTIVE BENCH TOP 
OSISISILISIIIIEHDDS 4s 


al CONDUCTIVE FLOOR MAT 
P22 


(Lad AA Ah Ah Ahn hhn hh ddd 


R = 1 MEGOHM 
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HIGH VOLTAGE INTEGRATED CIRCUIT (HVIC) 
RELIABILITY QUALIFICATION 


By Erwin A. Herr 


Strategy 


The application requirements of the SP600 and the SP601 
HVIC in a general industrial environment were reviewed and 
the desired properties of the HVIC to meet these require- 
ments were identified. These properties were grouped into 
four main categories: 


1. Semiconductor die bulk and surface stability, 

2. Sealed junction integrity, 

3. Thermal, mechanical and environmental stability, 
4. Long term reliability. 


It was desirable to demonstrate these properties of the HVIC 
with several key accelerated tests on a timely basis. There- 
fore, an analysis was made of several accelerated stresses 
that would assure the properties. Based on this analysis and 
previous experience the stresses chosen included: High 
Temperature Bias (HTB), High Temperature Storage, Damp 
Heat Bias, Temperature Cycling and Vibration Fatigue. The 
device properties and the accelerated stresses to assure 
them are shown in Figure 1. The objectives of each of the 
accelerated tests are shown in Figure 2. Also this analysis 
was used to design the Qualification Plan. A description of 
the accelerated tests used in this plan and the results of the 
TEMP TEMP HEAT 


tests are shown in Figure 3. 
TEMP 
BIAS | STORAGE | BIAS | CYCLE | FATIGUE 
Surface 


X X X 
Stability 
Sealed Junc- X X 
tion Integrity 


Thermal 
Mechanical 
Environmental 
Stability 


Long Term Xx X X X X 
Reliability 


FIGURE 1. TESTS REQUIRED TO ASSURE DEVICE 
PROPERTIES 


HIGH HIGH DAMP VIBRA- 
DEVICE TION 
PROPERTIES 


Die Bulk and 
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Production of the HVIC’s was initiated as a result of passing 
these qualifications. A Quarterly Product Monitor Plan was 
implemented to measure and control the reliability of the 
product during production. The tests in this plan are illus- 
trated in Figure 4. 


Technical Approach Taken to Determine 
the Expected Annual Field Failure Rate 


There was also a need to determine the expected reliability 
in field applications based on these accelerated test results. 
An estimate of the expected annual field failure rate at appli- 
cation conditions was calculated for the first year. This was 
based on the favorable results of the accelerated qualifica- 
tion tests and the expected results from the quarterly monitor 
tests. The acceleration multipliers between the HTB stress 
levels and the application stress levels were determined by 
multi-level testing. This is an example of how these acceler- 
ated results can be used to predict the product reliability 
under application conditions. 


In order to calculate the expected annual reliability or field 
failure rate the following information is needed: 

1. Application stress conditions, 

2. Reliability model to be used, 


3. The acceleration multipliers between the test and the 
application conditions. 


ACCELERATED 


STRESSES STRESS OBJECTIVES 


Die bulk and surface stability under electrical 
bias and elevated temperature conditions. 


High Temperature 
Bias (HTB) 


High Temperature 
Storage 


Device physical and chemical stability under 
accelerated high temperature. 


Device physical and surface stability and 
package material compatibility under acceler- 
ated electrical bias, temperature and humidity. 


Device mechanical strength and durability un- 
der accelerated conditions of thermal expan- 
sion and contraction. 


Damp Heat Bias 


(DHB) 


Temperature 
Cycling 


Ability of the mechanical parts of the device to 
withstand accelerated forces and low frequen- 
cy vibration. 


Vibration Fatigue 


FIGURE 2. OBJECTIVES OF THE ACCELERATED STRESSES 
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STRESS SAMPLES FROM CUMULATIVE FAILURES/SAMPLE SIZE HOURS UNDER STRESS 
HIGH TEMPERATURE BIAS PRODUCTION 


V = 400V, 15V. Ty = +125°C 


V = 450V,15V. Ty = +125°C (1990) 


HIGH TEMPERATURE STORAGE 100 (Note 2) 

Ta = +150°C 

DAMP HEAT BIAS(DHB) 100 (Note 2) 1/100 (Note 5) | 1/100 (Note 5) | 1/100 (Note 5) 
V = 300V,15V. +85°C, 81% RH | 


TEMPERATURE CYCLING CYCLES OF STRESS | id 

~40°C/+25°C/+150°C 

27/3/27 minutes ee ee ee 
ae 

VIBRATION FATIGUE X1,Y1,Z1 PLANES OF STRESS rd 


planes 10 g’s, 32 hours per plane 


10 (Note 2) 


NOTES: 
1. Random samples from eight production lots. 
. Random samples from three production lots except for Vibration Fatigue which had samples from one lot. 
. High voltage leakage failure: corrective action is defined and implemented. 
. Failed on test: corrective action is defined and implemented. 
. Parametric failure. 


af WD PY 


FIGURE 3. QUALIFICATION TEST RESULTS 


The application conditions are: V = 350V, 15V. Ty = 100°C 


SAMPLES Operating time is 8760 hours per year. 


FROM 3 NO. OF 

RANDOM FAILURES | The model used for predicting the product reliability is based 

STRESS PRODUCTION ALLOWED on a negative exponential failure distribution with a constant 
CONDITIONS LOTS Fen LOT failure rate. This can be expressed with the following equa- 


HIGH TEMPERATURE BIAS (HTB) tion: 


V = 400V, 15V 50/L ix cap abcde, 0) 
= : ot . , — sis : 
T, = +125°C Total 150 al vale Pg is the reliability or probability of survival. 


is the operating time in hours. 
HIGH TEMPERATURE STORAGE MTBF is the Mean Time Between Failure in hours. 


Ts = +150°C | oe | The Probability of Failure (Pr) is; Pp =1-Ps (2) 
— Extensive reliability studies and accelerated tests have been 
DAMP HEAT BIAS (DHB) conducted on discrete semiconductors and integrated cir- 
cuits for a number of years.' Based on this experience it was 
V = 300V, 15V: 20/Lot decided to use the High Temperature Bias test as the pri- 
+85°C 81%RH | oot | mary accelerating stress for predicting the reliability of the 
HVIC under application conditions. It was found that matrix 
TEMPERATEINE GYELE testing of devices under several levels of high temperature 
-40°C/4+25°C/ reverse bias led to the development of an accelerated 
+150°C reverse voltage model and an accelerated temperature 
27/3/27 Minutes model i.e. the Arrhenius model.” This information enables a 
quantitative extrapolation of the results from high level accel- 
erated tests to the expected results at the lower stress levels 
found in applications. 


QUALITY AND 
RELIABILITY 


FIGURE 4. QUARTERLY PRODUCT MONITORING TESTS 
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Voltage Multiplier: 

The reverse voltage model of response is shown on page 
211 of the second reference.* This was used to determine 
the Voltage Multiplier (My) for derating from high to low volt- 
age stress levels. This relationship is shown in the following 
equation: 
My = 
where 


Temperature Multiplier: 

The predominant failure mechanisms found in semiconduc- 
tors during operation are related to temperature and often fit 
the Arrhenius Model of response. This model can be 
expressed by the equation: 


(v1 fyay'-=254 (3) 
V1 and V2 are given in volts 


N= exp [A + B/T] (4) 
A= A’ exp [-E/(kT)] 

xX failure rate 

T absolute temperature (°Kelvin) 

A,B empirically derived constants from life test data. 

A’ exp (A) 

k Boltsman’s constant, 8.62 x 10°°eV/K 

E activation energy, empirically derived from: 


E = -kB. The slope B is negative. 


The temperature acceleration multiplier (M7) between a high 
temperature test and a lower temperature test can be 
obtained from the ratio of the failure rates at the two temper- 
atures. This results in: 
Mr = exp [B/T>] / exp [B/T}] (5) 
where: _ T, is the low temperature in °K. 

T> is the high temperature in °K. 


Total Multiplier: 

The total multiplier (M) is equal to the product of My and My: 
M= My Mr (6) 
A test was performed to determine the capability of the HVIC 
over a temperature range of +21.7°C to +150°C. The high 
voltage leakage current (I_xgq) vs temperature was measured 
on a sample of HVIC’S. The average value at each tempera- 
ture was plotted on an Arrhenius graph resulting in a reason- 
able fit to the model. A computer program was used to 
transform the data and plot the natural Log Iikg vs 1000/ 
Tags and this is shown in Figure 5. A linear regression analy- 
sis of the data gave this general equation: 

y= 22.81178 - 6.900413z (7) 
This has a correlation coefficient of 0.998 which is very 
good. From this data “E” was calculated to be 0.595eV. This 
was used to determine the temperature multiplier (My) of the 
HVIC. 


Ln OF THE HIGH VOLTAGE 
LEAKAGE CURRENT (ILxg) 


2.2 2.4 2.6 2.8 3.2 3.2 3.4 
Z = 1000/ABSOLUTE TEMPERATURE 
FIGURE 5. PLOT OF Ln OF LEAKAGE CURRENT (Ix) VS 
1000/Tass 


Estimated Annual Field Failure Rate 


The calculation of the expected annual field failure rate at 
application conditions is outlined below. This is based on the 
results of the HTB tests included in the qualification tests 
performed in 1990 and in 1991 as well as the favorable 
results expected on the quarterly monitor tests. A calculation 
of the acceleration multipliers is shown below: 


Voltage Multiplier: 


The voltage multipliers between the two HTB test voltages 
and the application voltage, from equation (3), are: 


[400/350]'-5% = 1.2471 
[450/350}'-85% = 1.5152 


Temperature Multiplier: 


My; = 
My2 = 


From the Arrhenius equation (4) the activation energy E = 
-kB. Also from the test on high voltage leakage current vs 
temperature it was found that E was 0.595eV. Solving the 
above equation, E = -kB, for B results in: 


B= -6902.55. 


The temperature multiplier between the HTB test at +125°C 
and the application condition of +100°C, from (5), is: 


Mr = exp [-6902.55/398] / exp [-6902.55/373] 
My = 3.198 
Total Multiplier: 


The total multipliers between the two HTB test conditions 
and the application conditions, from (6), are: 


M1= [1.247] [3.198] = 3.98791 
M2= [1.515] [3.198] = 4.8450 


Unit Test Hours 


HTB UNIT 
HOURS 
400V, +1 25°C 


APPLICATION 
UNIT HOURS 
350V, +100°C 


TESTS 


Qualification 1006760 3.98791 4014868.3 
(1991) 


Quarterly Monitor 3.98791] 2392746.0 


Qualification HTB 450V, 4.8450 872100.0 
(1990) +125°C 180000 


tora arava 
Failure Calculation: 


For zero failures and at a 50% confidence level the expected 
average failure rate would be: 


A= 0.7[10°] / Unit Hours 
A= 0.7[10°] / 7279714.3 = 0.009616%/1000 hours 
MTBF = 1[10°]/0.009616 = 10,399,591.9 hours 


The probability of failure in the first year from equation (2) 
would be: 


1 - exp - [8760/10,399,591.9] 
P= 0.00084 or 0.084% per year 
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The improvement in the HVIC reliability when the operating 
chip temperature is lowered in the application is shown in 
Figure 6. For example, this shows that the annual reliability 
is improved about 4 to 1 when the operating chip (die) tem- 
perature is lowered to +75°C instead of +100°C. Similarly 
there is an improvement of over 12 to 1 when the operating 
chip temperature is lowered to +55°C. 


AVERAGE FAILURE RATE IN %&/YEAR 
o (AT A 50% CONFIDENCE LEVEL) 


2.6 2.7 28 2.9 3.0 3.1 
CHIP TEMPERATURE (°C) 


FIGURE 6. RELIABILITY IMPROVEMENT WITH A DECREASE 
IN OPERATING CHIP TEMPERATURE 


Conclusions 


1. The average failure rate during the first year is expected 
to be 0.00962%/1000 hours or 96.2 FITs when the appli- 
cation operating chip temperature is at +100°C and 25.4 
FITs at +75°C and 7.6 FITs at +55°C. Note: 1 FIT = 1 Fail- 
ure/10® hours. 


2. Similarly, with continued favorable quarterly monitoring 
test results, the expected average failure rate would de- 
crease from 96.2 to 72.4 FITs after the second year and 
to 58 FITs after the third year at a chip temperature of 
+100°C. 


3. There is a good chance that the reliability could be better 
than the predictions since short term evaluation tests 
showed that samples of HVIC’s are capable of withstand- 
ing leakage current measurements at V = 500V and 
+150°C. This is 150 volts and +50°C above the applica- 
tion operating conditions of 350V and +100°C. 
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CONCURRENT DESIGN, TEST AND RELIABILITY 
ENGINEERING OF POWER ASICs 


By Erwin A. Herr 


Introduction 


A program was initiated in July 1987 to develop a new Intelli- 
gent Power ASIC chip technology using state-of-the-art type 
components and processing. This process utilized mixed 
signal technology that was optimized for motor/ motion 
control, power supply and interface applications. The first 
application chosen was a DC/DC converter chip which was 
mounted in a module with an output of 5 VDC and a current 
of 10 amperes continuous and 20 amperes peak. The envi- 
ronment for this application was to be in office equipment, for 
commercial and industrial usage. 


The reliability objective of this product was very aggressive 
in terms of both operating conditions and failure rate. Accel- 
erated testing techniques were used to demonstrate that the 
failure rate objective was achieved. 


Technical Strategy for Design, Test and 
Reliability Engineering 


The Intelligent Power ASIC technology had to produce chips 
which could be designed and developed in a minimum of 


time, be cost effective, easily manufactured as well as being 
very reliable. Normally this would be accomplished with 
mature designs and products that had been manufactured 
over a period of time with known capabilities and established 
reliability. However, since this was to be a state-of-the-art 
technology a new approach had to be taken in order to meet 
the required time table. These requirements led to the con- 
cept of concurrent product, test and reliability development. 


An overview of the major activities of this program is illus- 
trated in Figure 1. It is to be noted that this starts with prod- 
uct concept phase and sequences through a number of the 
major steps up to the production phase. It can also be seen 
that there were early and concurrent activities in Design, 
Test and Reliability Engineering. This required the ultimate in 
communication, cooperation, team work and leadership in 
many technical areas. This resulted in parallel actions in sev- 
eral areas which traditionally were performed in series. The 
concurrent action approach not only saved time and cost but 
it inspired commitment for success from the contributors. 


PRODUCT CONCEPT AND APPLICATIONS 
PRODUCT FUNCTIONAL SPECIFICATIONS 
PROGRAM PLAN AND DEVELOPMENT SCHEDULE 


TEST DEVELOPMENT ADVANCED DESIGN AND DEVELOPMENT ADVANCED RELIABILITY 
ENGINEERING ENGINEERING ENGINEERING 


¢ Test methods & software ° 
design 


Test hardware design 


Characterization of WATs, 
TEGs & Macros 


Analysis of results 
- Corrective actions 


Analysis of results 


Characterization & evaluation 


Characterization & evaluation 


Characterization for production 
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Product and process development plan 
Mask design of WATs, TEGs and Macros 


Process samples of TEGs and Macros 


- Design out defects if design related 
- Process improvements where applicable 


Process samples of TEGs, Macros and prototype 
ASICs with applicable improvements 


Design of Relmon and production ASICs 


Technical Review and approval production 


Accelerated reliability program plan 


Design and construct reliability test 
equipment 

Accelerated reliability testing of TEGs 
and Macros 


Analysis of results 
- Failure Analysis 
- Recommend corrective action 


Accelerated reliability testing and 
evaluation of improved TEGs, Macros 
and prototype ASICs 


Accelerated reliability testing and 
evaluation 


Accelerated testing of Relmon and 
production ASICs 
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HIGH 
TEMPERATURE 
BIAS 


DEVICE PROPERTIES 


OPERATING 
LIFE AND POWER 
CYCLING 


Die Bulk and Surface X xX 
Stability 
? 
Thermal, Mechanical xX 
Environmental Stability 


ELECTRO- 
MIGRATION 


TEMPERATURE 
CYCLE 


DAMP HEAT 
BIAS 


FIGURE 2. TESTS REQUIRED TO ASSURE DEVICE PROPERTIES 


This concept of Concurrent Engineering meant that, as the 
building blocks of the Power ASIC technology were being 
developed, they were independently characterized and 
assessed for reliability under accelerated test conditions. 
These building blocks included new component structures 
as well as new Macro circuits for the primary functions of the 
chip. In order to evaluate these building blocks under accel- 
erated test conditions an analysis was made of the desired 
properties and the accelerated stresses that would assure 
them. The test matrix in Figure 2 shows the stresses chosen 
on this program. The objectives of each of the accelerated 
stresses are shown in Figure 3. Based on this analysis and 
previous experience the stresses chosen included High 
Temperature Bias (HTB), Operating Life, Power Cycling, 
Damp Heat Bias (DHB), Temperature Cycling and Electromi- 
gration testing. The overall objective of this early testing was 
to provide rapid reliability information feed- back to the 
designers so that they could select the most reliable struc- 
tures for the new Macro designs. 


The approach taken was to use Test Element Groups 
(TEGs)!"], that were packaged in a manner similar to that 
which was planned to be used in production. These TEGs 
included structures of elements such as NPN & PNP bipolar 
transistors, NMOS and PMOS transistors, LDMOS power 
FET, zener diodes and electromigration test sites. 


As the program progressed these elements were fabricated 
on the same semiconductor wafers as the Macro and the 
ASIC circuits. After packaging, the TEG devices were sub- 
jected to the same type of stresses that they would normally 
see in the ASIC circuit. However, the stress levels were usu- 
ally higher in order to obtain accelerated test results. For 
example, samples of the components were subjected to 
multi-level accelerated stresses of high temperature bias for 
1000 to 2000 hours. High Humidity Bias or Damp Heat Bias 
stresses for 1000 to 2000 hours were also used. Tempera- 
ture cycling was performed to 3000 cycles. Measurements 
were made of the critical characteristics of the isolated struc- 
tures initially and at several times after hours of stress. Anal- 
yses were made of the distribution of the characteristics and 
the changes in critical characteristics with stress. The objec- 
tive was to stress the TEGs to destruction so as to have suf- 
ficient failures for failure analysis. This allowed isolation and 
identification of the failure modes and mechanisms which 
suggested corrective actions. These led to improvements in 
design and processing. 


The Macros were similarly packaged as the TEGs and sub- 
mitted to accelerated high temperature bias at +125°C and 
+150°C for 1000 to 2000 hours. Analysis of the failures from 
these tests brought out any failure mechanisms that could 
occur between the combination of structures in the functional 
circuit. This allowed an in-depth evaluation of the building 
block circuits for the final ASIC chip. 


The production Intelligent Power ASIC chip was constructed 
from the building block Macros and power switching func- 
tions. Samples of this type of chip were mounted in several 
types of packages to evaluate the capability of the chip to 
withstand electrical, temperature and_ environmental 
stresses. One group of Power ASIC samples was subjected 
to accelerated conditions of a dynamic operating life of Vin = 
20VDC, Vout = 5V at 10 amperes DC. The junction tempera- 
ture at the chip was +125°C and the duration of the test was 
2000 hours. Another group was subjected to a power cycling 
test for 2000 hours at maximum operating life conditions with 
a 10 minute “on” and a 10 minute “off” cycle. In a third group 
the chip was similarly packaged and these devices were 
subjected to 1000 to 2000 hours of Damp Heat Bias at 


ACCELERATED 
STRESSES STRESS OBJECTIVES 


High Temperature Bias | Die bulk and surface stability under 
(HTB) electrical bias and elevated tempera- 
ture conditions 


Die bulk and surface stability under 
electrical operation and elevated tem- 
perature conditions 


Operating life and Pow- 
er cycling 


Damp Heat Bias (DHB) | Device physical and surface stability 
and package material compatibility 
under accelerated electrical bias, 
temperature and humidity. 

Temperature Cycling Device mechanical strength and du- 
rability under accelerated conditions 
of thermal expansion and contraction. 


Electromigration 


Capability of metallization runs to 
withstand current in power integrated 
Circuits 


FIGURE 3. OBJECTIVES OF THE ACCELERATED STRESSES 
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+85°C 81% RH and 45 volts. A fourth group was subjected 
to a temperature cycle test of 3000 cycles. In a fifth case 
samples were subjected to a high temperature bias test of 
60 volts on the power section and 42 volts on the control 
section at a junction temperature of +150°C for 500 hours 
duration. This series of multi-level stresses was used to eval- 
uate the combined functions of the Macros and the power 
switching sections of the final Power ASIC. Reliability predic- 
tions are made based on the HTB, operating life, power 
cycling and DHB test results. 


The process technologies used on this program included low 
and high speed bipolar and complementary MOS signal pro- 
cessing designs as well as combinations of bipolar and MOS 
power structures. The semiconductor chips were processed 
with a two level metallization system that is compatible with 
plastic packaging. 


Accelerated Test Results on Components, 
Macros and Power ASICs 


Accelerated testing was used on this Concurrent Engineer- 
ing Program in order to obtain an early reliability evaluation 
of the building blocks to be used to construct the Power 
ASIC chip. It was imperative to obtain this information in a 
minimum time in order to have an efficient design cycle. 
Care was taken to choose stress levels that would acceler- 
ate the changes in characteristics caused by failure mecha- 
nisms that exist at lower stress levels. Analysis was made of 
the initial distribution of critical characteristics as well as 
changes in the distribution with time under stress. Compari- 
sons were made of the accelerated test results of the com- 
ponents and Macros to gain the maximum information. This 
helped identify the failure mechanisms for a thorough analy- 
sis of any failures obtained. It also allowed the selection and 
use of semiconductor structures and processes in the final 
ASIC design that were free from these sensitive mecha- 
nisms. This enabled the accelerated reliability information 
and corrective actions to be in phase with the normal test 
characterization of the building blocks which resulted in an 
optimized design and process development cycle. 


A general summary of the accelerated constant stress-in- 
time program conducted during the concurrent product, 
process and reliability development cycle is given in Figure 
4. This includes the number of units tested, the unit hours of 
stress and the number of failures obtained each year for the 
components, Macros and ASICs. The constant stress-in- 
time tests included high temperature bias, operating life, 
power cycling and a damp heat bias test. Some interesting 
observations and conclusions can be drawn from this infor- 
mation. It points out the inherent advantages of this Concur- 
rent Engineering Program in the development of a state-of- 
the-art Power ASIC semiconductor chip. 


e About 24% of all the test vehicles were stressed during 
1988. In the traditional serial development cycle only mini- 
mal reliability tests would occur in the first year. This saved 
at least a year of program time. 


Forty three percent of all the vehicles tested were the less 
complex structures; namely, TEGs or Macros. This 
allowed a more thorough and effective analysis of failures 
which made it easier to isolate failure mechanisms and 
implement corrective actions. 


Corrective actions were implemented in the first year 
when the cost of making design changes and process 
improvements was at a minimum. 


Test systems for the measurement of device parameters 
and accelerated stress equipment were developed and 
procured early in the cycle. 


The general testing trend showed that the majority of the 
Components and Macros were tested during the first year. 
Long term accelerated testing (2000 hours) of the Power 
ASIC™ chips was completed during the second year. 


A total of 11385 vehicles were tested under acclerated 
conditions during the program. A distribution of the vehi- 
cles showed that there were 25% components, 18% Mac- 
ros and 57% Power ASICs. 


The trend in failure occurrence was highest in the early 
years of development, but decreased dramatically in sub- 
sequent years. This gave a favorable reliability growth pat- 
tern. 


This accelerated program enabled production ASICs to be 
shipped during the second year. 


The accelerated tests used to evaluate components or TEGs 
included high temperature bias at +125°C and +150°C, 
damp heat bias and temperature cycling. The duration of the 
high temperature and damp heat bias tests was 1000 to 
2000 hours. The general plan for the evaluation of the semi- 
conductor structures used was to stress the structures in the 
components at the highest bias level (20V), in the Macros at 
an intermediate level (16V) and in the ASIC circuits at the 
use level (12.5V). 


As previously mentioned the extensive unit hours of testing 
during the initial evaluation phase are summarized in Figure 
4. During the latter part of this evaluation qualification tests 
were run. The criteria for qualification of components was to 
pass the appropriate bias tests at the accelerated tempera- 
ture of +125°C for at least 1000 hours with zero failures out 
of a sample of twenty. The results of these tests on bipolar 
transistors, MOS transistors, the LDMOS power FET as well 
as the zener diodes are summarized in Figure 5. Bias tests 
at +150°C were also performed to assess the temperature 
margin for reliability on these components. 


Component sample groups of transistors, zeners and the 
power FETs were subjected to the accelerated test of Damp 
Heat Bias at +85°C, 81% RH and the appropriate bias for 
1000 to 2000 hours. Samples of these devices were also 
subjected to temperature cycling for 1000 cycles at -40°C to 
+150°C. Other general evaluation tests were conducted on 
special structures to measure their capability to withstand 
electromigration, ESD and latch up stresses. 
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COMPONENTS COMPONENTS COMPONENTS 
UNITS TESTED UNIT HOURS IN (000’s) NUMBER OF FAILURES 
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FIGURE 4. CONCURRENT PRODUCT, PROCESS AND RELIABILITY DEVELOPMENT 
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1000 HOURS FAILURES/SAMPLE 
HTB AT +125°C 


HIGH TEMPERATURE BIAS 
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FIGURE 5. COMPONENT TEG QUALIFICATION 
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FIGURE 6. MACRO QUALIFICATION 
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The eleven Macro types listed in Figure 6 were also sub- 
jected to the same type of general bias tests at elevated 
temperature and damp heat that were used on the compo- 
nents. These are summarized in Figure 4. They were also 
subjected to temperature cycling for 1000 cycles at -40°C to 
+150°C. Again the criteria for qualification was to pass the 
appropriate bias tests at the accelerated temperature of 
+125°C for at least 1000 hours with zero failures out of a 
sample of twenty. The elevated temperature margin for reli- 
ability was assessed at +150°C. The results of these tests 
are summarized in Figure 6. 


The failures generated during the early phase of the acceler- 
ated tests on components and Macros were particularly 
important for identifying failure mechanisms for product 
design and process improvements. The corrective actions 
included improvements in design resulting from the selection 
of the most reliable structures based on test results. This 
timely information was used to establish practical and robust 
design rules. These rules, based on early component 
results, were used to design the Macros. Progressively the 
design rules were further improved from the results of accel- 
erated testing of the Macros. These improvements were 
implemented into the final ASIC design. 


If the failure analysis indicated that the failure mechanisms 
were process related then process improvements were 
implemented. These were monitored by testing the Wafer 
Acceptance Test (WAT) structures on subsequent wafers to 
demonstrate the improvement. From this information control 
limits were established on key parameters to maintain statis- 
tical process control. 


HOURS 
OF 
YEAR SAMPLES |STRESS/ FAILURES 


1989 HTOP & HTB at 1 (100 Hrs) 
+125°C, 

Power cycling up 
to +125°C 


Damp Heat Bias 
+85°C, 81% RH 


TOTAL 3 


HTB at +125°C 1 (484 Hrs) 
HTB at +125°C 0 

HTB at +150°C 1 (170 Hrs) 
HTB at +150°C 1 (118 Hrs) 
HTB at +150°C 
TOTAL 


1 (24 Hrs) 


HTB at +125°C 
HTB at +125°C 
HTB at +150°C 
HTB at +150°C 
TOTAL 
Grand Total 


1 (112 Hrs) 
1 (182 Hrs) 


FIGURE 7. POWER ASIC™ QUALIFICATION 


The evaluation of the Power ASIC chips included tests on 
high temperature bias and operating life at a chip tempera- 
ture of +125°C, damp heat bias at +85°C, 81% RH and tem- 
perature cycling of 3000 cycles to the package limits of -5°C 
to +105°C. The results from high temperature bias, high 
temperature operating life (HTOP), power cycling and damp 
heat bias were considered the primary stresses the chip 
would have to endure in the application. This testing is illus- 
trated in Figure 7. Failure analysis was used to confirm any 
failures that occurred. Corrective actions were determined, 
implemented and demonstrated for most of the failures. The 
remaining failures, for which corrective action had not been 
determined, were used in the failure rate calculation. This 
information, as shown in Figure 7, was used to assess the 
reliability of the Power ASIC under the application condi- 
tions. 


Power ASIC Reliability Assurance 


A reliability database ages very rapidly unless it is kept cur- 
rent. Even if no known changes are made, the database 
needs a continuous flow of current data. To meet this need, 
a device called the Relmon (Reliability monitor) was 
designed. This device is a functional part number which is 
made part of every mask set. The Relmon is used to periodi- 
cally sample the process and thus update the database with 
data resulting from improvements such as design rules for 
more efficient layout, circuit design innovations, and process 
modifications. The library based Power ASIC design 
approach enables these types of changes to be made and 
the database to be maintained. The volume of new part 
numbers, most containing both “old” Macros and compo- 
nents as well as some “new” Macros and components, 
allows the qualification work on the new part number to 
“bridge” the new elements to the existing database. The 
need to merge data relating to changes such as design rules 
and process improvements is met by utilizing the Relmon as 
the vehicle to bridge the data. 


Every Power ASIC part which is shipped is tied to the reli- 
ability database with four connections: The qualification test- 
ing was performed on the part number. This testing is 
designed to address any aspects of the part number which 
are outside the bounds of the existing reliability database, for 
example: 


e New components or Macros. 
¢ Components or Macros applied in a new way. 
e New packaging or environmental conditions. 


e Process improvements. The part number testing is per- 
formed on every part. This testing is designed to address 
three elements of reliability: 


Functional test coverage to assure that all customer spec- 
ifications are guaranteed. 


Reliability test coverage to assure that all accessible por- 
tions of the chip are tested and appropriate voltage mar- 
gins are applied. 


e Parameter limits All parameter limits are examined to 
assure that limits reflect no more than expected variations. 
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The WAT (Wafer Acceptance Test) testing is performed on 
every wafer. This is a set of tests which must be passed for a 
wafer to be accepted for part number probing. This testing is 
designed to address three elements related to reliability: 


Process control monitors These structures assure that the 
process is within acceptable bounds. 


Representative devices These structures assure at the 
device level that the wafer has been appropriately pro- 
cessed. 


Representative topology test elements These structures 
assure that aspects such as step coverage are under con- 
trol. The Relmon (present on every wafer) is used in two 
ways to assure reliability: 


Reliability monitoring Every week a sample of Relmons is 
subjected to 100 hours of stress testing to continuously mon- 
itor the process. Every quarter a sample is subjected to 1000 
hours of stress. 


Yield analysis In an ASIC product line there can be a great 
variety of part numbers in various stages of product life 
cycle. The Relmon is a constant reference that can be used 
to understand yield variations. 


The reliability of the Power ASIC chip, operating at +90°C, 
was determined from the test data given in Figure 7. Since a 
large part of the testing was performed at accelerated chip 
temperatures of +125°C and +150°C it was necessary to 
transform this information to equivalent times at +90°C. This 
was accomplished by using the Arrhenius model of 
response], The activation energy used in this model was 
0.5425 electron-volts which is based in the Macro test data 
in Figure 6. From this information a Weibull model was used 
to calculate the expected failure rate at 60,000 operating 
hours at a chip temperature of +90°C. This failure rate was 
found to be 0.018% per thousand hours at a 50% confidence 
level. Also from the Weibull model it was found that beta was 
about 0.5 which means that these devices had a decreasing 
failure rate with time. 


2 


AVERAGE FAILURE RAT 
(%/K HOURS AT 50% CONFIDENCE LEVEL) 


0.001 
90 85 80 75 70 65 60 55 
CHIP TEMPERATURE (°C) 
FIGURE 8. RELIABILITY OF POWER ASIC CHIP AT 60,000 
OPERATING HOURS 


The improvement in reliability of the power ASIC chip, when 
the operating chip temperature is lowered in the application, 
is shown in Figure 8. For example, this shows that the reli- 
ability is improved 2 to 1 when using a chip temperature of 
+75°C and 6 to 1 when using +55°C instead of +90°C. 


Conclusion 


This was a program to develop state-of-the-art Intelligent 
Power ASIC products. The concept of Concurrent Engineer- 
ing proved to be very beneficial in the execution of this pro- 
gram. The following general observations and conclusions 
can be made: 


1. A complex power integrated circuit was fabricated in 
record time on a semiconductor chip, which included over 
23 types of Macros and assemblies plus a power switch- 
ing section. 


2. Concurrent activities and communication in Test Develop- 
ment Engineering, Advanced Design and Development 
Engineering and Advanced Reliability Engineering 
assured a timely and successful product development 
cycle. 


3. Excellent teamwork that required the ultimate in commu- 
nication, cooperation, commitment and_ leadership 
enabled shipment of production chips in the second year. 


4. Over 11,000 test vehicles, which included TEGs or Com- 
ponents, Macros and ASIC circuits, were stressed under 
accelerated conditions as the product was developed. 


5. Reliability was designed into the product early and evalu- 
ated concurrently which enabled us to exceed the 
expected reliability goal by a factor of about three to one. 


6. The Relmon was developed to monitor reliability and 
update the data base. 
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PACKAGING 
INFORMATION 


Part Number - Package Outline Designator 


PACKAGE DESCRIPTION 
14 Lead Dual-In-Line Plastic Package a ae 
10 Lead TO-100 Metal Can Package 
14 Lead Dual-in-Line Plastic Package 


16 Lead Dual-in-Line Plastic Package pS 


16 Lead Ceramic Dual-In-Line Frit Seal Package 
16 Lead Dual-In-Line Plastic Package A 
16 Lead Ceramic Dual-In-Line Frit Seal Package 
12 Lead TO-101 Metal Can Package 


14 Lead Dual-in-Line Plastic Package a 
14 Lead Dual-In-Line Plastic Package a 


8 Lead TO-99 Metal Can Package T8.C 


8 Lead Dual-In-Line Plastic Package p BS 


8 Lead TO-99 Metal Can Package T8.C 


PART NUMBER 
CA723E, CE 
CA723T, CT 
CA1523E 
CA1524E 
CA1524F 
CA2524E 
CA2524F 
CA3020, A 
CA3059 
CA3079 
CA3085, A, B 
CA3085E, AE, BE 
CA3094T 
CA3094E 
CA3094M 
CA3165E 
CA3165EI 
CA3228E 
CA3242E 
CA3262E, AE 
CA3262AQ 
CA3272AQ, Q 
CA3273 


8 Lead Dual-Iin-Line Plastic Package PBS 
8 Lead Small Outline Plastic Package PMB 
8 Lead Dual-Iin-Line Plastic Package PBS 
14 Lead Dual-in-Line Plastic Package PEN 
24 Lead Dual-In-Line Plastic Package | ERB 
16 Lead Dual-In-Line Plastic Package PENS 
16 Lead Dual-In-Line Plastic Package a ae 


28 Lead Plastic Leaded Chip Carrier Package | N28.45 
28 Lead Plastic Leaded Chip Carrier Package PNR AB 
3 Lead Single-In-Line Plastic Package Z3.1A 


CA3274E 8 Lead Dual-in-Line Plastic Package 


CA3275E 14 Lead Dual-In-Line Plastic Package a 


CA3277E 16 Lead Dual-in-Line Plastic Package 


CA3282AS 1 15 Lead Plastic Single-In-Line Package Z15.05A 
(Staggered Vertical Lead Form) 


CA3282AS2 15 Lead Plastic Single-In-Line Package 
(Surface Mount “Gullwing” Lead Form) 


28 Lead Plastic Leaded Chip Carrier Package 
16 Lead Dual-in-Line Plastic Package 

16 Lead Ceramic Dual-in-Line Frit Seal Package 
14 Lead Dual-in-Line Plastic Package 

20 Lead Small Outline Plastic Package 

28 Lead Plastic Leaded Chip Carrier Package 


15 Lead Plastic Single-In-Line Package 
(Staggered Vertical Lead Form) 


CA3292AQ 
CA3524E 
CA3524F 
CDP68HC68S1E 
CDP68HC68S1M 
HIPOO80AM 
HIPOO81AS1 


HIPO0O81AS2 15 Lead Plastic Single-in-Line Package 


(Surface Mount “Gullwing” Lead Form) 
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Part Number - Package Outline Designator (Continued) 


PART NUMBER 
HIPOO82AS1 


HIPOO82AS2 


HIP1030AS 
HIP1031AS 
HIP1090AS 
HIP2030IM 
HIP25001P 
HIP25001PI 
HIP25001B 
HIP40101B 
HIP401 11S 


HIP4080IP, AIP 
HIP4080IB, AIB 
HIP4081IP, AIP 
HIP40811B, AIB 
HIP4082IP 
HIP40821B 
HIP5061DS 


HIP55001P 
HIP55001B 
HIP5600!IS 
HIPS56001B 
HIP7010AP 
HIP7010AB 
HIP7020AP 
HIP7020AB 
HIP7030A0AM 
HIP7030A2AP 
HIP7030A2AM 
HIP7038A8IF 
HIP9010AB 
HIP9020AP 
HIP9020AB 
HV3-2405E-5, -9 
HV400/B 
HV400IP 
HV400MJ/883 
ICL7660CTV, MTV 


PACKAGE DESCRIPTION 


15 Lead Plastic Single-In-Line Package 
(Staggered Vertical Lead Form) 


15 Lead Plastic Single-in-Line Package 
(Surface Mount “Gullwing” Lead Form) 


5 Lead Plastic Single-in-Line Package 


5 Lead Plastic Single-In-Line Package 

3 Lead Plastic Single-In-Line Package 

28 Lead Plastic Leaded Chip Carrier Package 
14 Lead Dual-in-Line Plastic Package 

16 Lead Dual-in-Line Plastic Package 

16 Lead Small Outline Plastic Package 

20 Lead Small Outline Plastic Package 


15 Lead Plastic Single-In-Line Package 
(Surface Mount “Gullwing” Lead Form) 


20 Lead Dual-in-Line Plastic Package 
20 Lead Small Outline Plastic Package 
20 Lead Dual-in-Line Plastic Package 
20 Lead Small Outline Plastic Package 
16 Lead Dual-in-Line Plastic Package 
16 Lead Small Outline Plastic Package 


7 Lead Plastic Single-In-Line Package 
Staggered Surface Mount “Gullwing” Lead Form 


20 Lead Dual-in-Line Plastic Package 

20 Lead Small Outline Plastic Package 

3 Lead Plastic Single-In-Line Package 

8 Lead Small Outline Plastic Package 

14 Lead Dual-In-Line Plastic Package 

14 Lead Small Outline Plastic Package 

8 Lead Dual-In-Line Plastic Package 

8 Lead Small Outline Plastic Package 

68 Lead Plastic Leaded Chip Carrier Package 
28 Lead Dual-in-Line Plastic Package 

28 Lead Small Outline Plastic Package 

28 Lead Ceramic SOIC Flatpack Package 

20 Lead Small Outline Plastic Package 

14 Lead Dual-in-Line Plastic Package 

20 Lead Small Outline Plastic Package 

8 Lead Dual-In-Line Plastic Package 

8 Lead Small Outline Plastic Package 

8 Lead Dual-Iin-Line Plastic Package 

8 Lead Ceramic Dual-In-Line Metal Seal Package 
8 Lead TO-99 Metal Can Package 
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Part Number - Package Outline Designator (Continued) 


PART NUMBER 
ICL7660CBA 
ICL7660CPA 
ICL7660SCBA, IBA 
ICL7660SCPA, IPA 
ICL7660SCTV, ITV, MTV 
ICL7662CTV, MTV, ITV 
ICL7662CPA, IPA 
ICL7662CBD, CBD-O, IBD 
ICL7663SCBA, IBA, ACBA, AIBA 
ICL7663SCPA, IPA 
ICL7663SCJA, WA 
ICL7663SACPA, AIPA 
ICL7663SACVJA, AIJA 
ICL7665SCBA, IBA, ACBA, AIBA 
ICL7665SCPA, IPA 
ICL7665SCVJA, IJA 
ICL7665SACPA, AIPA 
ICL7665SACVJA, AIJA 
ICL7667CBA 
ICL7667CPA 
ICL7667CJA, MJA 
ICL7667CTV, MTV 
ICL7673CPA 
ICL7673CBA 
ICL7673ITV 
ICL8211CPA 
ICL8211CBA 
ICL8211CTY, MTY 
ICL8212CPA 
ICL8212CBA 
ICL8212CTY, MTY 
SP600 


SP710AS 
SP720AP 
SP720AB 
SP720MD 
SP720MM 
SP721AP 
SP721AB 


< 
pb 


PACKAGE DESCRIPTION 
8 Lead Small Outline Plastic Package 
8 Lead Dual-in-Line Plastic Package 
8 Lead Small Outline Plastic Package 
8 Lead Dual-in-Line Plastic Package 
8 Lead TO-99 Metal Can Package 
8 Lead TO-99 Metal Can Package 
8 Lead Dual-in-Line Plastic Package 
14 Lead Small Outline Plastic Package 
8 Lead Small Outline Plastic Package 
8 Lead Dual-in-Line Plastic Package 
8 Lead Ceramic Dual-in-Line Frit Seal Package 
8 Lead Dual-in-Line Plastic Package 
8 Lead Ceramic Dual-in-Line Frit Seal Package 
8 Lead Small Outline Plastic Package 
8 Lead Dual-in-Line Plastic Package 
8 Lead Ceramic Dual-In-Line Frit Seal Package 
8 Lead Dual-In-Line Plastic Package 
8 Lead Ceramic Dual-In-Line Frit Seal Package 
8 Lead Small Outline Plastic Package 


8 Lead Dual-in-Line Plastic Package 


8 Lead Ceramic Dual-in-Line Frit Seal Package 
8 Lead TO-99 Metal Can Package 

8 Lead Dual-in-Line Plastic Package 

8 Lead Small Outline Plastic Package 

8 Lead TO-99 Metal Can Package 

8 Lead Dual-in-Line Plastic Package 

8 Lead Small Outline Plastic Package 

8 Lead TO-99 Metal Can Package 

8 Lead Dual-in-Line Plastic Package 

8 Lead Small Outline Plastic Package 

8 Lead TO-99 Metal Can Package 

22 Lead Dual-in-Line Plastic Package 

22 Lead Dual-In-Line Plastic Package 

3 Lead Plastic Single-In-Line Package 

16 Lead Dual-In-Line Plastic Package 

16 Lead Small Outline Plastic Package 

16 Lead Ceramic Dual-in-Line Metal Seal Package 
20 Pad Leadless Ceramic Chip Carrier Package 
8 Lead Dual-in-Line Plastic Package 

8 Lead Small Outline Plastic Package 
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Dual-In-Line Plastic Packages (PDIP) 
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NOTES: 
. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 
. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
. Symbols are defined in the “MO Series Symbol List’ in Section 
2.2 of Publication No. 95. 
4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 
5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 
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E16.3 (JEDEC MS-001-BB ISSUE D) 
16 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


6. E and are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 
7. @g and @, are measured at the lead tips with the leads uncon- 
strained. @¢ must be zero or greater. 
8. Bi maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 
9. Nis the maximum number of terminal positions. 
10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Package Outlines 


Dual-In-Line Plastic Packages (PDIP) (Continued) 
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NOTES: 
1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
3. Symbols are defined in the “MO Series Symbol List’ in Section 
2.2 of Publication No. 95. 
4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 
. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 
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6. E and are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 
7. @g and @c are measured at the lead tips with the leads uncon- 
Strained. @¢ must be Zero or greater. 
8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 
9. Nis the maximum number of terminal positions. 
10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 


Package Outlines 


Dual-In-Line Plastic Packages (PDIP) (Continued) 
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1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. Rev. 0 12/93 


5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and |e,| are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 

7. @g and @¢ are measured at the lead tips with the leads uncon- 
strained. @¢ must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 
10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 


E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Package Outlines 


Small Outline Plastic Packages (SOIC) 
M8.15 (JEDEC MS-012-AA ISSUE C) 

| 8 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 

Tw ipfezsea0 OO) wrnaeeens 


| MAX | NOTES 


o™ 
°, eo 


xX 
z 
Oo 
m 
*< 


\7 


ee 
> 
Be] 
m 
> 


v, 
© 
Mes 


™) 
ee 


ox 
o, 
Os 


ov, 
O 
e 


v, 
oO 

O 

x 


7 
2, 

O 
LL 


O 


7 
08 


O 


\/ 


a 
| s 
foe) 


> 
S 


il 
ip 


oO 
| S 
N 
oa 
oO 
: 


O} 
& 
ols 
e 


| 0.51 
> be hx 5° | 5.00 | 
| 4.00 


Lf __ hls 
K of 


Fal 0.10(0.004) 
PLo250.01 @[cA@leO| 
ev. 0 12/93 
M14.15 (JEDEC MS-012-AB ISSUE C) M16.15 (JEDEC MS-012-AC ISSUE C) 
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MILLIMETERS 


Rev. 0 12/93 Rev. 0 12/93 


NOTES: 

1. Symbols are defined in the “MO Series Symbol List” in Section 6. “L” is the length of terminal for soldering to a substrate. 
2.2 of Publication Number 95. 7. “N” is the number of terminal positions. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 8. Terminal numbers are shown for reference only. 

3. Dimension “D” does not include mold flash, protrusions or gate 9. The lead width “B*, as measured 0.36mm (0.014 inch) or greater 
burrs. Mold flash, protrusion and gate burrs shall not exceed above the seating plane, shall not exceed a maximum value of 
0.15mm (0.006 inch) per side. 0.614mm (0.024 inch). 

4. Dimension “E” does not include interlead flash or protrusions. In- —- : i i 
vlad lash and protrusions shall not exceed 625mm (0.010 Sa ee ee 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


13-8 


Package Outlines 


Small Outline Plastic Packages (SOIC) (Continued) 


M16.3 (JEDEC MS-013-AA ISSUE C) 
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SEATING PLANE 


M20.3 (JEDEC MS-013-AC ISSUE C) 
20 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


INCHES MILLIMETERS 
NOTES 


Rev. 0 12/93 


NOTES: 
1. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 
. Dimension “E” does not include interlead flash or protrusions. In- 10 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 
5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 
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16 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 
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M24.3 (JEDEC MS-013-AD ISSUE C) 
24 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 
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. “L’ is the length of terminal for soldering to a substrate. 


. "N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 
. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 


above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


. Controlling dimension: MILLIMETER. Converted inch dimen- 


sions are not necessarily exact. 
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Package Outlines 


Small Outline Plastic Packages (SOIC) (Continued) 


M28.3 (JEDEC MS-013-AE ISSUE C) 
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NOTES: 


1. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L” is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 

sions are not necessarily exact. 
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Package Outlines 


Plastic Leaded Chip Carrier Packages (PLCC) 


S688 01.07) 0.042 (1.07) N28.45 (JEDEC MS-018 ISSUE A) 
0.048 (1.22) 6056 (1-42) |CA| 9-004 (0.10) | C | 23 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
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SEATING 
0.020 (0.51) MAX 
ace aes salians PLANE —_—N68.95 (JEDEC MS-018 ISSUE A) 
0.026 (0.66) 68 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
0.032 (0.81) 0.013 (0.33) 
0.021 (0.53) 
i 
0.025 (0.64) 
0.045 (1.14) MIN 
mut VIEW “A” TYP. 
NOTES: 


1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 


2. Dimensions and tolerancing per ANSI Y14.5M-1982. aa 
3. Dimensions D1 and E1 do not include mold protrusions. Allow- 


able mold protrusion is 0.010 inch (0.25mm) per side. 
4. To be measured at seating plane contact point. 
5. Centerline to be determined where center leads exit plastic body. 
6. “N” is the number of terminal positions. 
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Package Outlines 


Single-In-Line Plastic Packages (SIP) 
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NOTES: 


1. Lead dimension and finish uncontrolled in zone L1. 
2. Position of lead to be measured 0.250 inches (6.35mm) from bot- 


tom of dimension D. 


3. Position of lead to be measured 0.100 inches (2.54mm) from bot- 


tom of dimension D. 
4. Controlling dimension: INCH. 
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Z3.1A (JEDEC STYLE TO-202 MODIFIED) 
3 LEAD SHORT TAB SINGLE-IN-LINE PLASTIC PACKAGE 


A> 


NOTES: 

1. Lead dimension and finish uncontrolled in zone L1. 

2. Lead dimension (without solder). 

3. Add typically 0.002 inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 

5. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


6. Controlling dimension: INCH. 
A Z3.1B (JEDEC TO-220AB ISSUE J) 
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Package Outlines 


Single-In-Line Plastic Packages (SIP) (Continued) 


25.067 (JEDEC TS-001AA ISSUE A) 
5 LEAD PLASTIC SINGLE-IN-LINE PACKAGE 
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NOTES: 
1. Lead dimension and finish uncontrolled in zone M. 


2. Position of lead to be measured 0.250 inches (6.35mm) from 
bottom of dimension D. 


3. Position of lead to be measured 0.100 inches (2.54mm) from 
bottom of dimension D. 


4. Dimensioning and tolerancing per ANSI Y14.5M, 1982. 
5. Controlling dimension: INCH. 


Z7.05A 
7 LEAD PLASTIC SINGLE-IN-LINE PACKAGE 
STAGGERED SURFACE MOUNT “GULLWING” LEAD FORM 


MILLIMETERS 


HEADER 
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NOTES: 
1. Dimensioning and tolerancing per ANSI Y14.5M, 1982. 
2. Nis the number of leads. 
3. Controlling dimension: INCH. 
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Package Outlines 


Single-In-Line Plastic Packages (SIP) (Continued) 
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NOTES: 
1. Lead within 0.010 inch radius of true position (TP) with maximum 
material condition. 
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2. D and E1 dimensions do not include mold flash or protrusions. Rev 02/94 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


3. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


4. Nis the maximum number of terminal positions. 
5. Controlling dimension: INCH. 
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TAB DETAIL NOTES: 


1. Refer to series symbol list, JEDEC Publication No. 95. 
2. Dimensioning and Tolerancing per ANSI Y14.5M-1982. 
3. Nis the number of terminals. 

4. Controlling dimension: INCH. 
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Package Outlines 


Single-In-Line Plastic Packages (SIP) (Continued) 
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0°- 8° .- 
RY L HEADER 
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L1 


NOTES: 
1. Dimensioning and Tolerancing per ANSI Y14.5M - 1982. 
2. Nis the number of terminals. 


3. Alllead surfaces are within 0.004 inch of each other. No lead can 
be more than 0.004 inch above or below the header plane, 


({-Z-] Datum). 


4. Controlling dimension: INCH. 


13-15 


PACKAGING 
INFORMATION 


Package Outlines 


Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


ci LEAD FINISH D8.3 MIL-STD-1835 CDIP2-T8 (D-4, CONFIGURATION C) 
8 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 
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NOTES 
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0.100 BSC 2.54 BSC 
0.300 BSC 7.62 BSC 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


0.060 0.38 


3. Dimensions b1 and ci apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


0.038 


N 
fo») 


5. Dimension Q shall be measured from the seating plane to the Rav. 0 4/94 
base plane. 
6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 
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Package Outlines 


Ceramic Dual-In-Line Metal Seal Packages (SBDIP) (Continued) 


ci LEAD FINISH 


BAC.“ BWeeesy 


BASE N 
METAL ; 


A 
BASE 5 en 
PLAN 
Se A 
SEATING 
| L 
S1 AA 
b2 


b 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


5. Dimension Q shall be measured from the seating plane to the 
base plane. 


6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 


D16.3 MIL-STD-1835 CDIP2-T16 (D-2, CONFIGURATION C) 
16 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 
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Package Outlines 


Ceramic Dual-In-Line Frit Seal Packages (CerDIP) 


c1 LEAD FINISH F8.3A MIL-STD-1835 GDIP1-T8 (D-4, CONFIGURATION A) 
8 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 
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NOTES 
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1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


Ed 
ne] 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 
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Rev. 0 4/94 
5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension $1 at all four corners. 

8. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. Controlling dimension: INCH. 
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Package Outlines 


Ceramic Dual-In-Line Frit Seal Packages (CerDIP) (Continued) 


ci LEAD FINISH F16.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A) 
16 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 
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NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


0.015 0.060 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


0.015 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


ro) ro) 
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4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. Rev. 0 4/94 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


RO 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 

8. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. Controlling dimension: INCH. 
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Package Outlines 


Ceramic Leadless Chip Carrier Packages (CLCC) 


J20.A MIL-STD-1835 CQCC1-N20 (C-2) 
20 PAD LEADLESS CERAMIC CHIP CARRIER 
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Rev. 0 

NOTES: 

1. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 

. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 

3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 

4. The required plane 1 terminals and optional plane 2 terminals (if 

used) shall be electrically connected. 

. The corner shape (Square, notch, radius, etc.) may vary at the 
manufacturer's option, from that shown on the drawing. 

. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 

7. Dimension “A” controls the overall package thickness. The maxi- 

mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
9. Controlling dimension: INCH. 
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Package Outlines 


Ceramic SOIC Flatpack Packages (SOIC Flatpack) 


K28.E 
28 LEAD CERAMIC SOIC FLATPACK PACKAGE 
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NOTES: 


1. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
2. “L” is the length of terminal for soldering to a substrate. 
3. “N” is the number of terminal positions. 

4. Terminal numbers are shown for reference only. 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


6. Controlling dimension: MILLIMETER. 
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Package Outlines 


Metal Can Packages (Can) 
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NOTES: 


. (All leads) @b applies between L1 and L2. @b1 applies between 
L2 and 0.500 from the reference plane. Diameter is uncontrolled 
in L1 and beyond 0.500 from the reference piane. 


. Measured from maximum diameter of the product. 


—s 


@Q 


. Gis the basic spacing from the centerline of the tab to terminal 1 
and B is the basic spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 


> 


. Nis the maximum number of terminal positions. 


on 


. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


Lop) 


. Controlling dimension: INCH. 
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Package Outlines 


Metal Can Packages (Can) (Continued) 
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SECTION A-A 


NOTES:: 


1. (All leads) @b applies between L1 and L2. @b1 applies between 
L2 and 0.500 from the reference plane. Diameter is uncontrolled 
in L1 and beyond 0.500 from the reference plane. 


a) 


. Measured from maximum diameter of the product. 


io) 


. is the basic spacing from the centerline of the tab to terminal 1 
and f is the basic spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 


oN 


. Nis the maximum number of terminal positions. 


on 


. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


fo) 


. Controlling dimension: INCH. 
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HOW TO USE HARRIS AnswerFAX 


What is AnswerFAX? 


AnswerFAX is Harris’ automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 


What do I need to use AnswerFAX? 


Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 


How does it work? 


You call the AnswerFAX number, touch-tone your way through a series of recorded questions, enter 
the order numbers of the documents you want, and give AnswerFAX a fax number to send them to. 
You'll have the information you need in minutes. The chart on the next page shows you how. 


How do | find out the order number for the publications | want? 


The first time you call AnswerFAX, you should order one or more on-line catalogs of product line 
information. There are seven catalogs: 


e New Products e Digital Signal Processing (DSP) Products ¢ Application Notes 
e Linear/Telecom Products ¢ Discrete & Intelligent Power Products 

e Data Acquisition Products |= ° Microprocessor Products 

Once they’re faxed to you, you can call back and order the publications themselves by number. 


How do | start? 
Dial 407-724-7800. That’s It. 


a HARRIS 
SEMICONDUCTOR 


Please refer to next page for a map to AnswerFAX. 
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eSARRIS Harris AnswerFAX Data Book Request Form - Document #199 
SEMICONDUCTOR Data Books Available Now 


PUB. 
V NUMBER DATA BOOK/DESCRIPTION 


| {7004 Complete Set of Commercial Harris Data Books 
| {7005 Complete Set of Commercial and Military Harris Data Books 

DB223B POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical information including standard power MOSFETs (the 
popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic-level power MOSFETs 
(L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened power MOSFETs. 

DB316 POWER MOSFET DATA BOOK SUPPLEMENT (1996: 380pp) This data book contains the data sheets of recently introduced products 
and also updates some of the data sheets in the Power MOSFET Data Book DB223B. These data sheets contain the detailed 
specification for these products. 

| DB235B RADIATION HARDENED (1993: 2,232pp) The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS/ACTS 


logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog switches, gate arrays, 
standard cells and custom devices. 


DB260.2 CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris 
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data books under the 
Harris, GE, RCA or Intersil names. 


DB301B DATA ACQUISITION (1994: 1,104pp) Product specifications on A/D converters (display, integrating, successive approximation, flash); 
D/A converters, switches, multiplexers, and other products. 


DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, signal 
synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer). 


DB303.1 MICROPROCESSOR PRODUCTS (1997: 1,260pp) In the ever-changing IC marketplace, Harris Semiconductor has made a strong 
business commitment to continue servicing mature CMOS products and technologies. As always, we will supply mature, standard 
architecture microprocessor families for markets including cellular communications, PABX, networking systems, EDP peripherals, 


DB302B 


medical and avionics instrumentation. 


DB304.1 INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications, application 
notes with design details for specific applications of Harris products, and a description of the Harris quality and high reliability program. 


a DB309.1 MCT/AGBT/DIODES (1995: 706pp) This MCT/IGBT/Diodes data book represents the full line of these products made by Harris 


Semiconductor Discrete Power Products for commercial applications. 
i DB319 


Supplement represents a new generation of IGBT products from Harris Semiconductor Discrete Power Products for commercial 
applications. This data book supplement describes Harris Semiconductor's line of UFS (Ultra Fast Switching) IGBTs. 


SIGNAL PROCESSING NEW RELEASES (1995: 690pp) This data book represents the newest products made by Harris Semiconductor 
Data Acquisition Products, Linear Products, Telecom Products and Digital Signal Processing Products for commercial applications. 


4 DB315.1 CROSS-REFERENCE GUIDE (1996: 554pp) Listing of semiconductor products that are second-sourced by Harris Semiconductor. 


COMMUNICATIONS DATA BOOK (1997: 708pp) Technical information including data sheets and application notes for a variety of Harris 
Integrated Circuits targeted for the communications industry. These products include the PRISM 2.4GHz DSSS Wireless Transceiver 
Chip Set, the new HC5517 Ringing SLIC as well as Standard Linear, Data Acquisition, DSP and Power products. 


APPLICATIONS FOR COMMUNICATION ICs (1997: 392pp) Application Notes and Tech Briefs for Harris communication products that 
range from wireless PRISM™ 2.4GHz WLAN chip set to Telecom HC5517 ringing SLIC. Also Data Acquisition and Digital Signal Processing. 


LPT/FCT CMOS LOGIC EXPANSION (1997: 620pp) This data book fully describes Harris Semiconductor’s LPT and FCT CMOS Logic 
ICs. It includes a complete set of data sheets for product specifications, application notes and techbriefs with design details for specific 
applications of Harris products, and a description of the Harris Quality and Reliability program. 


HARRIS IGBT UFS SERIES SUPPLEMENT (1997: 164pp) The UFS series IGBT (Insulated Gate Bipolar Transistor) Data Book 
DB314 


TRANSIENT VOLTAGE SUPPRESSION DEVICES (1995: 400pp) Product specifications of Harris varistors and surgectors. Also, 


general informational chapters such as: “Voltage Transients - An Overview,” “Transient Suppression - Devices and Principles,” 
“Suppression - Automotive Transients.” 


LINEAR ICs (1996/97: 1446pp) Harris offers an extensive line of Linear components including: High Speed and General Purpose Op 
Amps, Comparators, Sample/Hold Amps, Video Crosspoint Switches, Special Analog Circuits and Transistor Arrays. 


ANALOG MILITARY (1989: 1,264pp) This data book describes Harris’ military line of Linear, Data Acquisition, and Telecommunications 
circuits. 


ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with the 1989 
Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris Semiconductor Linear and Data 
Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and supersedes all previously published Linear and 
Data Acquisition Military data books. For applications requiring Radiation Hardened products, please refer to the 1993 Harris Radiation 
Hardened Product Data Book (document #DB235B) 


Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital Microprocessors and Hi-Rel/Military and Rad 
Hard) for easy use and includes cross references and alphanumeric part number index. 


CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris Semiconductor 


SG103 


High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It covers Harris’ High Speed 
CMOS Logic HC/HCT Series, AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS Logic CD4000B Series. 


| BR-057.3 | AnswerFAX CATALOG (Fall 1996: 112pp) A Complete AnswerFAX Catalog listing. 


NAME: COMPANY: 
PHONE: ADDRESS: MAIL STOP 
FAX: CITY, STATE: ZIP: 


LITERATURE REQUESTS SHOULD BE DIRECTED TO: HARRIS FULFILLMENT FAX #: 610-265-2520 
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FARRIS 


SEMICONDUCTOR 


AnswerFAX 
DOCUMENT PART 
NUMBER 


BROO7 


NUMBER 


DESCRIPTION 


Complete Listing of Harris Sales Offic- 
es, Representatives and Authorized 
Distributors World Wide (7 pages) 


HARRIS SEMICONDUCTOR APPLICATION NOTES 


ANOO1 


ANO02 


ANO04 


ANOO7 


ANOO9 


ANO12 


ANO13 


ANO17 


ANO18 


ANO20 


ANO23 


AN027 


AN028 


ANO30 


ANO32 


AN040 


AN042 


AN043 


ANO46 


AN047 


Glossary of Data Conversion Terms 
(6 pages) 

Principles of Data Acquisition and 
Conversion (20 pages) 


The IH5009 Analog Switch Series 
(9 pages) 

Using the 8048/8049 Log/Antilog 
Amplifier (6 pages) 

Pick Sample-Holds by Accuracy and 


Speed and Keep Hold Capacitors in 
Mind (7 pages) 


Switching Signals with Semiconductors 
(4 pages) 

Everything You Always Wanted to 
Know About the ICL8038 (4 pages) 


The Integrating A/D Converter 
(5 pages) 

Do's and Don'ts of Applying A/D 
Converters (4 pages) 


A Cookbook Approach to High Speed 
Data Acquisition and Microprocessor 
Interfacing (23 pages) 


Low Cost Digital Panel Meter Designs 
(5 pages) 

Power Supply Design Using the 
ICL8211 and 8212 (8 pages) 


Build an Auto-Ranging DMM with the 
ICL7103A/8052A A/D Converter Pair 
(6 pages) 

ICL7104: A Binary Output A/D Convert- 
er for Microprocessors (16 pages) 


Understanding the Auto-Zero and 
Common Mode Performance of the 
ICL7106/7107/7109 Family (8 pages) 


Using the ICL8013 Four Quadrant 
Analog Multiplier (6 pages) 
Interpretation of Data Converter 
Accuracy Specifications (11 pages) 
Video Analog-to-Digital Conversion 

(6 pages) 

Building a Battery Operated Auto Rang- 
ing DVM with the ICL7106 (5 pages) 


Games People Play with Intersil’s A/D 
Converters (27 pages) 


April 23, 1994 


ANO16 ~~ Selecting A/D Converters (7 pages) 
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ANO48 
AN049 


ANO51 


ANO52 


ANO53 


ANO54 


ANO59 


AN108 


AN109 


AN111 


AN112 


AN113 


AN114 


AN115 


AN116 
AN120 


AN121 


AN400 


AN509 


AN514 


AN515 


AN517 


AN519 


DESCRIPTION 
Know Your Converter Codes (5 pages) 


Applying the 7109 A/D Converter 

(5 pages) 

Principles and Applications of the 
ICL7660 CMOS Voltage Converter 

(9 pages) 

Tips for Using Single Chip 3.5 Digit A/D 
Converters (9 pages) 


The ICL7650 A New Era in Glitch-Free 
Chopper Stabilized Amplifiers 

(19 pages) 

Display Driver Family Combines Con- 
venience of Use with Microprocessor 
Interfaceability (18 pages) 


Digital Panel Meter Experiments for the 
Hobbyist (7 pages) 

82C52 Programmable UART 

(12 pages) 

82C59A Priority Interrupt Controller 
(14 pages) 

Harris 80C286 Performance 
Advantages Over the 80386 (12 pages) 
80C286/80386 Hardware Comparison 
(4 pages) 

Some Applications of Digital Signal Pro- 
cessing Techniques to Digital Video 

(5 pages) 

Real-Time Two-Dimensional Spatial 
Filtering with the Harris Digital Filter 
Family (43 pages) 

Digital Filter (DF) Family Overview 

(6 pages) 

Extended DF Configurations (10 pages) 


Interfacing the 80C286-16 With the 
80287-10 (2 pages) 


Harris 80C286 Performance Advantag- 
es Over the 80386SX (14 pages) 


Using the HS-3282 ARINC Bus 
Interface Circuit (6 pages) 


A Simple Comparator Using the 
HA-2620 (1 page) 

The HA-2400 PRAM Four Channel 
Operational Amplifier (7 pages) 


Operational Amplifier Stability: Input 
Capacitance Considerations (2 pages) 


Applications of Monolithic Sample and 
Hold Amplifier (5 pages) 


Operational Amplifier Noise Prediction 
(4 pages) 
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AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER 


AN520 


DESCRIPTION 


CMOS Analog Miltiplexers and Switch- 
es; Applications Considerations 

(9 pages) 

Getting the Most Out of CMOS Devices 
for Analog Switching Jobs (7 pages) 


AN521 


AN522 __s Digital to Analog Converter 


Terminology (3 pages) 


AN524 ___ Digital to Analog Converter High Speed 


ADC Applications (3 pages) 


HA-5190/5195 Fast Settling Operation- 
al Amplifier (4 pages) 

Video Applications for the HA-5190/ 
5195 (5 pages) 


Analog Switch Applications in A/D Data 
Conversion Systems (4 pages) 


AN525 


AN526 


AN531 


AN532 Common Questions Concerning CMOS 


Analog Switches (4 pages) 


Additional Information on the HI-300 
Series Switch (5 pages) 


AN534 


AN535 —_—— Design Considerations for A Data 


Acquisition System (DAS) (7 pages) 


AN538 Monolithic Sample/Hold Combines 


Speed and Precision (6 pages) 

A Monolithic 16-Bit D/A Converter 
(5 pages) 

HA-5170 Precision Low Noise JFET 
Input Operation Amplifier (4 pages) 


Using HA-2539 or HA-2540 Very High 
Slew Rate, Wideband Operational 
Amplifier (4 pages) 

New High Speed Switch Offers 
Sub-50ns Switching Times (7 pages) 


AN539 


AN540 


AN541 


AN543 


Micropower Op Amp Family (6 pages) 


A Method of Calculating HA-2625 Gain 
Bandwidth Product vs. Temperature 
(4 pages) 

A Designers Guide for the HA-5033 
Video Buffer (12 pages) 


The HC-550X Telephone Subscriber 
Line Interface Circuits (SLIC) 
(19 pages) 


AN544 
AN546 


AN548 


AN549 


AN552 
AN553 


Using the HA-2542 (5 pages) 
HA-5147/37/27, Ultra Low Noise 
Amplifiers (8 pages) 


AN554 ~— Low Noise Family 


HA-5101/02/04/1 1/12/14 (7 pages) 


April 23, 1994 


AN550 __—_—sUssing the HA-2541(6 pages) 


AN551 Recommended Test Procedures for 
Operational Amplifiers (6 pages) 


AnswerFAX 
DOCUMENT 
NUMBER 


9571 


9573 


9574 
9576 


9607 


: 


96459 


96669 


96970 


97063 
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PART 


NUMBER 


AN556 


AN557 


AN559 


AN571 


AN573 


AN574 
AN576 


AN607 


AN5290 


AN5766 


AN6048 


AN6077 


AN6157 


AN6182 


AN6315 


AN6386 


AN6459 


AN6565 


AN6669 


AN6915 


AN6970 


AN7063 


DESCRIPTION 


Thermal Safe-Operating-Areas for High 
Current Op Amps (5 pages) 


Recommended Test Procedures for An- 
alog Switches (6 pages) 


HI-222 Video/HF Switch Optimizes Key 
Parameters (7 pages) 


Using Ring Sync with HC-5502A and 
HC-5504 SLICs (2 pages) 


The HC-5560 Digital Line Transcoder 
(6 pages) 


Understanding PCM Coding (3 pages) 


HC-5512 PCM Filter Cleans Up CVSD 
Codec Signals (2 pages) 


Delta Modulation for Voice 
Transmission (5 pages) 


Integrated Circuit Operational 
Amplifiers (20 pages) 


Application of the CA3020 and 
CA3020A Multipurpose Wide-Band 
Power Amplifiers (8 pages) 

Some Applications of A Programmable 
Power Switch/Amp (12 pages) 


An IC Operational-Transconductance- 
Amplifier (OTA) With Power Capability 
(12 pages) 

Applications of the CA3085 Series 
Monolithic IC Voltage Regulators 

(11 pages) 


Features and Applications of Integrated 
Circuit Zero-Voltage Switches 
(CA3058, CA3059 and CA3079) 

(31 pages) 

COS/MOS Interfacing Simplified 

(7 pages) 

Understanding and Using the CA3130, 


CA3130A and CA3130B30A/30B 
BiMOS Operation Amplifiers (5 pages) 


Why Use the CMOS Operational 
Amplifiers and How to Use it (4 pages) 


Design of Clock Generators For Use 
With COSMAC Microprocessor 
CDP1802 (3 pages) 


FET-Bipolar Monolithic Op Amps Mate 
Directly to Sensitive Sources (3 pages) 


Application of CA1524 Series 
Pulse-Width Modulator ICs (18 pages) 


Understanding and Using the CDP 1855 
Multiply/Divide Unit (11 pages) 


Understanding the CDP1851 
Programmable I/O (7 pages) 
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97174 | AN7174 The CA1524E Pulse-Width Modulator- 
Driver for an Electronic Scale (2 pages) 
97244 AN7244 Understanding Power MOSFETs 


(4 pages) 
97254 AN7254 Switching Waveforms of the L?FET: 


A5 Volt Gate-Drive Power MOSFET 
97260 AN7260 


(8 pages) 
97275 AN7275 


Power MOSFET Switching Waveforms: 
A New Insight (7 pages) 
User's Guide to the CDP1879 and 
CDP1879C1 CMOS Real-Time Clocks 
(18 pages) 
Applications of the CA3228E Speed 
Control System (16 pages) 


AN7332 ‘The Application of Conductivity-Modu- 
lated Field-Effect Transistors (5 pages) 

AN7374 The CDP1871A Keyboard Encoder 
(9 pages) 

AN8602_ The IGBTs - A New High Conductance 
MOS-Gated Device (3 pages) 


AN8603 ss Improved IGBTs with Fast Switching 
Speed and High-Current Capability 

(4 pages) 
Spicing-Up Spice I! Software for Power 
MOSFET Modeling (8 pages) 


The CA1523 Variable Interval Pulse 
Regulator (VIPUR) For Switch Mode 
Power Supplies (13 pages) 


AN8707 The CA3450: A Single-Chip Video Line 
Driver and High Speed Op Amp 
(14 pages) 


Application of the CD22402 Video Sync 
Generator (4 pages) 


97326 AN7326 
97332 
97374 


98602 


98603 


98610 AN8610 


98614 AN8614 


98707 


98742 AN8742 


98743 AN8743 = Micropower Crystal-Controlled Oscilla- 
tor Design Using CMOS Inverters 


(8 pages) 


98754 AN8754 Method of Measurement of Simulta- 
neous Switching Transient (3 pages) 

98756 AN8756 AComparative Description of the VART 
(16 pages) 

98759 AN8759 Low Cost Data Acquisition System Fea- 
tures SPI A/D Converter (9 pages) 

98761 AN8761 ~_—_— User's Guide to the CDP68HC68T1 
Real-Time Clock (14 pages) 

98811 AN8811  BiMOS-E Process Enhances the 


CA5470 Quad Op Amp (8 pages) 


Exceptional Radiation Levels from Sili- 
con-on-Sapphire Processed High- 
Speed CMOS Logic (5 pages) 


98818 AN8818 
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AnswerFAX 
DOCUMENT 
NUMBER 


98823 
98829 


98910 


99001 


PART | 
NUMBER DESCRIPTION 


AN8820 Recommendations for Soldering Termi- 
nal Leads to MOV Varistor Discs 


(2 pages) 
CMOS Phase-Locked-Loop Applica- 


tions Using the CD54/74HC/HCT4046A 
and CD54/74HC/HCT7046A (23 pages) 


SP600 and SP601 an HVIC MOSFET/ 
IGBT Driver for Half-Bridge Topologies 
(6 pages) 


AN8823 


AN8829 


AN8910 An Introduction to Behavioral Simula- 
tion Using Harris AC/ACT Logic Smart- 
Models™ From Logic Automation Inc. 


(9 pages) 


AN9001 


Measuring Ground and VCC Bounce in 
Advanced High Speed (AC/ACT/FCT) 
CMOS Logic ICs (4 pages) 


99002 AN9002___‘ Transient Voltage Suppression in | 
Automotive Vehicles (8 pages) 


AN9003 _ _=Low-Voltage Metal-Oxide Varistor - 


Protection for Low Voltage (<5V) ICs 
(13 pages) 
99010 AN9010 
—— = 


HIP2500 High Voltage (500Vpc) Half- 
Bridge Driver IC (8 pages) 
99106 
99108 AN9108 


: 


Synchronous Operation of Harris Rad 
Hard SOS 64K Asynchronous SRAMs 


(4 pages) 


AN9102 ~=Noise Aspects of Applying Advanced 
CMOS Semiconductors (9 pages) 
AN9105  HVIC/IGBT Half-Bridge Converter 


Evaluation Circuit (1 page) 


Special ESD Considerations for the HS- 
65643RH and HS-65647RH Radiation 
Hardened SOS SRAMs (2 pages) 


Harris Multilayer Surface Mount Surge 
Suppressors (10 pages) 


AN9106 


AN9201___— Protection Circuits for Quad and Octal 
Low Side Power Drivers (8 pages) 

AN9202_ _-Using the HFA1100, HFA1130 
Evaluation Fixture (4 pages) 

AN9203 Using the HI5800 Evaluation Board 
(13 pages) 


99204 AN9204 __ Tools for Controlling Voltage Surges 
and Noise (4 pages) 
AN9205__— Timing Relationships for HSP45240 
(2 pages) 
99206 AN9206 
99207 AN9207 


Correlating on Extended Data Lengths 
(2 pages) 


DSP Temperature Considerations 
(2 pages) 
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99208 AN9208 


AN9209 


PART 


AN9210 


AN9211 


AN9212 


AN9213 Advantages and Application of Display 
Integrating A/D Converters (6 pages) 


AN9216 


99217 AN9217 


AN9301 


AN9302 


99306 AN9306 


AN9307 


99308 AN9308 
99309 AN9309 


i - 


AN9312 


NUMBER 


AN9311 The ABCs of MOVs (3 pages) 
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AnswerFAX 
DOCUMENT 
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PART 
NUMBER 


AN9313 Circuit Considerations in Imaging 
Applications (8 pages) 


| 99314 AN9314 __ Harris UHF Pin Drivers (4 pages) 


AN9315 RF Amplifier Design Using HFA3046/ 
3096/3127/3128 Transistor Arrays 
99317 


(4 pages) 


99327 AN9327 HC-5509A1 Ring Trip Component 
Selection (9 pages) 
99328 AN9328 


Using the HI1166 Evaluation Board 
AN9329 


DESCRIPTION DESCRIPTION 


High Frequency Power Converters 
(10 pages) 


A Spice-2 Subcircuit Representation for 
Power MOSFETs, Using Empirical 
Methods (4 pages) 


A New PSpice Subcircuit for the Power 
MOSFET Featuring Global Tempera- 


ture Options (12 pages) AN9316 


Power Supply Considerations for the 
HI-222 High Frequency Video Switch 
Soldering Recommendations for (2 pages) 
Surface Mount Metal Oxide Varistors 
and Multilayer Transient Voltage 


Suppressors (8 pages) 


HIP5060 Family of Current Mode Con- 
trol ICs Enhance 1MHz Regulator Per- 
formance (7 pages) 


AN9317  Micropower Clock Oscillator and Op 
Amps Provide System Control for Bat- 


tery Operated Circuits (2 pages) 


AN9321 = Single Pulse Unclamped Inductive 


Switching: A Rating System (5 pages) 


AN9322 ACombined Single Pulse and 
Repetitive UIS Rating System (4 pages) 
AN9323  HIP5061 High Efficiency, High Perfor- 
mance, High Power Converter 
(10 pages) 
HIP4080, 80V Frequency H-Bridge 
Driver (12 pages) 
HIP4081, 80V High Frequency 
H-Bridge Driver (11 pages) 


Using Harris High Speed A/D 
Converters (10 pages) 

Using the HI-5700 Evaluaton Board 
(7 pages) 

Using the HI5701 Evaluation Board 
(8 pages) 

High Current Off Line Power Supply 
(11 pages) 

High Current Logic Level MOSFET 
Driver (3 pages) 


CA3277 Dual 5V Regulator Circuit 
Applications (9 pages) 


(9 pages) 

Using the HI1176/HI1171 Evaluation 
Board (5 pages) 

Using the HI1396 Evaluation Board 
(9 pages) 

Using the HI1175 Evaluation Board 
(10 pages) 

Using the HI1276 Evaluation Board 
(10 pages) 

Using the HI1386 Adapter Board 

(2 pages) 

Improving Start-Up Time at 32kHz 


for the HA7210 Low Power Crystal 
Oscillator (2 pages) 


HIP5500 High Voltage (500Vpc) Power 
Supply Driver IC (13 pages) 


Upgrading Your Application to the 


HI7166 or HI7167 (7 pages) AN9330 


ESD and Transient Protection Using the 
SP720 (10 pages) 


The New “C" Ill Series of Metal Oxide 
Varistors (5 pages) 


AN9331 


AN9332 


The Connector Pin Varistor for 
Transient Voltage Protection in 
Connectors (7 pages) 


AN9333 


Voltage Transients and their AN9334 


Suppression (5 pages) 


Using the HI5800/HI5801 Evaluation 


Board (8 pages) sledaas 


Surge Suppression Technologies 
Advantages and Disadvantages 
(MOVs, SADs, Gas Tubes, Filters and 
Transformers) (6 pages) 


AN9336 Mult-Meter Display Converter Eases 


DMM Design (6 pages) 

Reduce CMOS-Multiplexer Troubles 
Through Proper Device Selection 

(6 pages) 

Keeping the HI-0201 Switch Closed 
when Removing the V+ Supply 

(1 page) 


AN9337 


HARRIS 
ANSWERFAX 


99337 


Suppression of Transients in an 99402 


Automative Environment (11 pages) AN9402 


14-7 


cae HARRIS Apri23, 1904 AnswerFAX Technical Support 


SEMICONDUCTOR Application Note Listing 


AnswerFAX 
DOCUMENT PART 
NUMBER NUMBER DESCRIPTION 


99404 AN9404 _ ~ HIP4080A, 80V High Frequency 
H-Bridge Driver (12 pages) 
99405 AN9405 _ _HIP4081A, 80V High Frequency 
H-Bridge Driver (11 pages) 
660001 MMO0001 WHFA-0001 Spice Operational Amplifier 
Macro-Model (4 pages) 
660002 MMO0002 WHFA-0002 Spice Operational Amplifier 
Macro-Model (4 pages) 
660005 MMO0005 WHFA-0005 Spice Operational Amplifier 
Marco-Model (4 pages) 
662500 MM2500 HA2500/02 Spice Operational Amplifier 
Macro-Model (5 pages) 
MM2510 HA-2510/12 Spice Operational 
Amplifier Macro-Model (4 pages) 
MM2520 HA-2520/22 Spice Operational 
Amplifier Macro-Model (4 pages) 
MM2539  HA-2539 Spice Operational Amplifier 
Macro-Model (4 pages) 
662540 MM2540  HA-2540 Spice Operational Amplifier 
Macro-Model (4 pages) 
MM2541_ HA-2541 Spice Operational Amplifier 
Macro-Model (5 pages) 
MM2542 HA-2542 Spice Operational Amplifier 
Macro-Model (5 pages) 
662544 MM2544_ HA-2544 Spice Operational Amplifier 
Macro-Model (5 pages) 
662548 MM2548  HA-2548 Spice Operational Amplifier 
Macro-Model (5 pages) 
662600 MM2600 HA-2600/02 Spice Operational 
Amplifier Macro-Model (5 pages) 
662620 MM2620 HA-2620/22 Spice Operational 
Amplifier Macro-Model (5 pages) 
662839 MM2839 HA-2839 Spice Operational Amplifier 
Macro-Model (4 pages) 
662840 MM2840  HA-2840 Spice Operational Amplifier 
Macro-Model (4 pages) 
662841 MM2841 HA-2841 Spice Operational Amplifier 
Macro-Model (4 pages) 


AnswerFAX 
DOCUMENT PART 
NUMBER NUMBER DESCRIPTION 


662842 MM2842 HA-2842 Spice Operational Amplifier 
Macro-Model (4 pages) 

662850 MM2850  HA-2850 Spice Operational Amplifier 
Macro-Model (4 pages) 

663046 MM3046 HFA3046/3096/3127/3128 Transistor 
Array Spice Models (4 pages) 

665002 MM5002_ HA-5002 Spice Buffer Amplifier 
Macro-Model (4 pages) 

665004 MM5004_ HA-5004 Spice Current Feedback 
Amplifier Macro-Model (4 pages) 


MM5020 _ HA-5020 Spice Current Feedback 
Operational Amplifier Macro-Model 


(4 pages) 


MM5033 HA-5033 Spice Buffer Amplifier 
Macro-Model (4 pages) 


MM5101 HA-5101 Spice Operational Amplifier 
Macro-Model (5 pages) 


MM5102 HA-5102 Spice Operational Amplifier 
Macro-Model (5 pages) 


665104 MM5104 HA-5104 Spice Operational Amplifier 
Macro-Model (5 pages) 
MM5112 HA-5112 Spice Operational Amplifier 
Macro-Model (5 pages) 
heuk MM5114 HA-5114 Spice Operational Amplifier 


Macro-Model (5 pages) 

665127 MM5127 HA-5127 Spice Operational Amplifier 
Macro-Model (4 pages) 

665137 MM5137 HA-5137 Spice Operational Amplifier 
Macro-Model (4 pages) | 

665147 MM5147 HA-5147 Spice Operational Amplifier 
Macro-Model (4 pages) 

665190 MM5190 HA-5190 Spice Operational Amplifier 
Macro-Model (4 pages) 

MM5221 HA-5221/22 Spice Operational 

Amplifier Macro-Model (4 pages) — 


797338 MM Harris Power MOSFET and MCT Spice 
PWRDEV Model Library (16 pages) 
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POWER IC 
SALES OFFICES 


HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 


U.S. HEADQUARTERS ASIA EUROPEAN HEADQUARTERS 
Harris Semiconductor Harris Semiconductor Pte Ltd. Harris Semiconductor 
2401 Palm Bay Road N. E. #1, Tannery Road 09-01 Mercure Center 
Palm Bay, Florida 32905 Cencon 1, Singapore 347719 100, Rue de la Fusee 
TEL: (407) 724-7000 TEL: 65-748-4200 1130 Brussels, Belgium 
FAX: 65-748-0400 TEL: 32 2 724 21 11 


FAX: 32 2 724 22 05 


TECHNICAL ASSISTANCE IS AVAILABLE FROM THE FOLLOWING SALES OFFICES 


UNITED STATES CALIFORNIA COSk CES 26 oct kwanvessenese ners da 714-433-0600 
SAN POSE. coe ce eticud es iwitwe shes eous 408-985-7322 

CARES see eddbusun& wi tnesne ee ees 818-878-7955 

FLORIDA PAGS 0625080 cnceehedon 6560s Ged 407-729-4984 
GEORGIA CHIN: <ctnacce re coke denwaod nd seede 770-476-2035 
ILLINOIS SCVAUMOUID.. acc enndesesareaseaeda 847-240-3480 
INDIANA 2 a er 317-843-5180 
MASSACHUSETTS PIII ctpcadcedacceeeseaKéuen anes 617-221-1850 
NEW JERSEY BOMIOIVING -iccdavawaaitade a dees anes 908-685-6150 
VOONIGSS oak enavesravtsarer ones vaes 609-751-3425 

NEW YORK POU. Jas i ice iewnwbaws enews 516-342-0291 
Wappingers Falls ...<cesscsesscaivens 914-298-1920 

TEXAS OURS +p het padres deeb neae eek BEM 972-733-0800 
INTERNATIONAL FRANCE PONE saccade eneeneceitasseuedeteas 33-1-346-54000 
GERMANY WG necks bude weed eesns ten iveds 49-89-462-630 
HONG KONG POWOGN sc nedene ke nnet eee eeaneeweas 852-723-6339 
ITALY MNGNG 2 bik vowed s.c609) coe eRe OKs. 39-2-262-0761 
JAPAN TORO b4 orebe 6 ne 4S ee eteee ee ane hes 81-3-3265-7571 
KOREA BHO pia werieced sewssdensscansey 82-2-551-0931 
SINGAPORE Us ve eau ane dvn de cadduconn ss 65-748-4200 
TAIWAN FADE) cca ctccioxancateaeantnevanse 886-2-716-9310 
UNITED KINGDOM CAOCHOY 264s ned Si eawe vers vews 44-12-766-86886 


For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call 
Harris AnswerFAX for immediate fax service at 407-724-7800 
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North American Sales Offices and Representatives 


ALABAMA 
Harris Semiconductor 
600 Boulevard South 
Suite 103 
Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 


Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


ARIZONA 


Compass Mktg. & Sales, Inc. 


11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 

TEL: (602) 996-0635 

FAX: 602 996 0586 


P.O. Box 65447 
Tucson, AZ 85728 
TEL: (602) 577-0580 
FAX: 602 577 0581 


CALIFORNIA 

Harris Semiconductor 
1503 So. Coast Drive 
Suite 320 

Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 


Harris Semiconductor 
3031 Tisch Way 

1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


CK Associates 

8333 Clairemont Mesa Blvd. 
Suite 102 

San Diego, CA 92111 

TEL: (619) 279-0420 

FAX: 619 279 7650 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 


Ewing Foley, Inc. 
895 Sherwood Lane 
Los Altos, CA 94022 
TEL: (415) 941-4525 
FAX: 415 941 5109 


Vision Technical Sales, Inc. 
26010 Mureau Road 

Suite 140 

Calabasas, CA 91302 

TEL: (818) 878-7955 

FAX: 818 878 7965 


* 


* 


* 


CANADA 
Blakewood Electronic 
Systems, Inc. 
#201 - 7382 Winston Street 
Burnaby, BC 
Canada V5A 2G9 
TEL: (604) 444-3344 
FAX: 604 444 3303 


* Field Application Assistance Available 


Clark Hurman Associates 
Unit 14 

20 Regan Road 

Brampton, Ontario 

Canada L7A IC3 

TEL: (905) 840-6066 

FAX: 905 840-6091 


308 Palladium Drive 
Suite 200 

Kanata, Ontario 
Canada K2B 1A1 
TEL: (613) 599-5626 
FAX: 613 599 5707 


78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada HOR 2V4 

TEL: (514) 426-0453 
FAX: 514 426 0455 


COLORADO 
Compass Mktg. & Sales, Inc. 


5600 So. Quebec St. 

Suite 350D 

Greenwood Village, CO 80111 
TEL: (303) 721-9663 

FAX: 303 721 0195 


CONNECTICUT 
Advanced Tech. Sales, Inc. 


Westview Office Park 

Bidg. 2, Suite 1C 

850 N. Main Street Extension 
Wallingford, CT 06492 

TEL: (508) 664-0888 

FAX: 203 284 8232 


FLORIDA 

Harris Semiconductor 
2401 Palm Bay Rd. 
Palm Bay, FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 


Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 

FAX: 407 723 3845 


Sun Marketing Group 

4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 

TEL: (813) 536-5771 

FAX: 813 536 6933 


Sun Marketing Group 

600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (305) 429-1077 

FAX: 305 429 0019 


GEORGIA 
Giesting & Associates 

* 2434 Hwy. 120, Suite 108 
Duluth, GA 30136 
TEL: (404) 476-0025 
FAX: 404 476 2405 


ILLINOIS 
Harris Semiconductor 
* 1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 619 1511 


Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 
TEL: (708) 640-1850 

FAX: 708 640 9432 


INDIANA 
Harris Semiconductor 


11590 N. Meridian St. 
Suite 100 

Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 

TEL: (317) 844-5222 
FAX: 317 844 5861 


* 


IOWA 
Oasis Sales 
4905 Lakeside Dr., NE 
Suite 203 
Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


KANSAS 
Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 


KENTUCKY 
Giesting & Associates 
204 Pintail Court 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


MARYLAND 
New Era Sales, Inc. 
890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 
TEI: (410) 761-4100 
FAX: 410 761-2981 


MASSACHUSETTS 

Harris Semiconductor 

Six New England Executive Pk. 
Burlington, MA 01803 

TEL: (617) 221-1850 

FAX: 617 221 1866 


Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 

N. Reading, MA 01864 
TEL: (508) 664-0888 

FAX: 508 664 5503 


* 


MICHIGAN 

Harris Semiconductor 
27777 Franklin Rd., Suite 460 
Southfield, MI 48034 

TEL: (810) 746-0800 

FAX: 810 746 0516 


Giesting & Associates 

34441 Eight Mile Rd., Suite 113 
Livonia, MI 48152 

TEL: (810) 478-8106 

FAX: 810 477 6908 


* 
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Giesting & Associates 
1279 Skyhills N.E. 
Comstock Park, MI 49321 
TEL: (616) 784-9437 
FAX: 616 784 9438 


MINNESOTA 


Oasis Sales 

7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


MISSOURI 


Advanced Tech. Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 

TEL: (314) 291-5003 

FAX: 314 291 7958 


NEBRASKA 


Advanced Tech. Sales, inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 

TEL: (913) 782-8702 

FAX: 913 782 8641 


NEW JERSEY 


Harris Semiconductor 


* Plaza 1000 at Main Street 


Suite 104 

Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 


Harris Semiconductor 
724 Route 202 

P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 


Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 
4100 Osuna Rd., NE, Suite 109 
Albuquerque, NM 87109 

TEL: (505) 344-9990 

FAX: 505 345 4848 


NEW YORK 


* 


Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 

FAX: 914 298 0425 


Harris Semiconductor 

490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0219 

FAX: 516 342 0295 


Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


North American Sales Offices and Representatives (Continued) 


Foster & Wager, Inc. 
2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 
FAX: 716 586 1359 


Foster & Wager, Inc. 
7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Trionic Associates, Inc. 
320 Northern Blvd. 
Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 


NORTH CAROLINA 
Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A, MS/2T08 
Durham, NC 27703 
TEL: (919) 405-3600 
FAX: 919 405 3660 


New Era Sales 

1215 Jones Franklin Road 
Suite 201 

Raleigh, NC 27606 

TEL: (919) 859-4400 

FAX: 919 859 6167 


OHIO 
Giesting & Associates 


P.O. Box 39398 

2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


6324 Tamworth Ct. 
Columbus, OH 43017 
TEL: (614) 752-5900 


6200 SOM Center Rd. 
Suite D-20 

Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 


OKLAHOMA 
Nova Marketing 
8421 East 61st Street, Suite P 
Tulsa, OK 74133-1928 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 317 1091 


OREGON 


Northwest Marketing Assoc. 


6975 SW Sandburg Rd. 
Suite 330 

Portland, OR 97223 
TEL: (503) 620-0441 
FAX: 503 684 2541 


PENNSYLVANIA 
Giesting & Associates 
471 Wainut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


TEXAS 
Harris Semiconductor 


at 


Dallas, TX 75248 
TEL: (214) 733-0800 
FAX: 214 733 0819 


Nova Marketing 

8310 Capitol of Texas Hwy. 
Suite 180 

Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 


North American Authorized Distributors and Corporate Offices 
Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


Alliance Electronics 
7550 E. Redfield Rd. 
Scottsdale, AZ 85260 
TEL: (602) 483-9400 
FAX: (602) 443 3898 


Arrow/Schweber 
Electronics Group 
25 Hub Dr. 

Melville, NY 11747 
TEL: (516) 391-1300 
FAX: 516 391 1644 


Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 


North American Authorized Distributors 


ALABAMA 
Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 


Hamilton Hallmark 
Huntsville 
TEL: (205) 837-8700 


Wyle Laboratories 
Huntsville 
TEL: 205) 830-1119 


Zeus, An Arrow Company 
Huntsville 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


Farnell Electronic Services 


(Formerly ITT Multicomponents) 


300 North Rivermede Rd. 
Concord, Ontario 
Canada L4K 3N6 

TEL: (416) 798-4884 
FAX: 416 798 4889 


Gerber Electronics 

128 Carnegie Row 
Norwood, MA 02062 

TEL: (617) 769-6000, x156 
FAX: 617 762 8931 


ARIZONA 
Alliance Electronics, Inc. 
Gilbert 
TEL: (602) 813-0233 


Scottsdale 
TEL: (602) 483-9400 


Arrow/Schweber 
Tempe 

TEL: (602) 431-0030 
Hamilton Hallmark 
Phoenix 

TEL: (602) 437-1200 
Wyle Laboratories 


Phoenix 
TEL: (602) 437-2088 


* Field Application Assistance Available 


Hamilton Hallmark 

10950 W. Washington Blvd. 
Culver City, CA 90230 

TEL: (310) 558-2000 

FAX: 310 558 2809 (Mil) 
FAX: 214 343 5988(Com) 


Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 
FAX: 312 275-9596 


Wyle Laboratories 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (408) 727-2500 
FAX: 408 988-2747 


Zeus, An Arrow Company 
Tempe 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


CALIFORNIA 
Alliance Electronics, Inc. 
Santa Clarita 
TEL: (805) 297-6204 


Arrow/Schweber 
Calabasas 
TEL: (818) 880-9686 


Fremont 
TEL: (408) 432-7171 


Irvine 
TEL: (714) 587-0404 
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8350 Meadow Rad., Suite 174 
Dallas, TX 75231 

TEL: (214) 265-4600 

FAX: 214 265 4668 


Corporate Atrium II, Suite 140 
10701 Corporate Dr. 

Stafford, TX 77477 

TEL: (713) 240-6082 

FAX: 713 240 6094 


UTAH 


Compass Mktg. & Sales, Inc. 
5 Triad Center, Suite 320 

Salt Lake City, UT 84180 

TEL: (801) 322-0391 

FAX: 801 322-0392 


17000 Dallas Parkway, Suite205 WASHINGTON 


Northwest Marketing Assoc. 
12835 Bel-Red Road 

Suite 330N 

Bellevue, WA 98005 

TEL: (206) 455-5846 

FAX: 206 451 1130 


WISCONSIN 


Oasis Sales 

1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


Zeus Electronics, 
An Arrow Company 
100 Midland Avenue 
Pt. Chester, NY 10573 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 
FAX: 914 937-2553 


Obsolete Products: 


Rochester Electronic 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


San Diego 

TEL: (619) 565-4800 
San Jose 

TEL: (408) 441-9700 
Hamilton Hallmark 
Costa Mesa 

TEL: (714) 641-4100 
Los Angeles 

TEL: (818) 594-0404 
Sacramento 

TEL: (916) 624-9781 
San Diego 

TEL: (619) 571-7540 
San Jose 

TEL: (408) 435-3500 


SALES OFFICES 


North American Authorized Distributors (Continued) 


Wyle Laboratories 
Calabasas 
TEL: (818) 880-9000 


Irvine 
TEL: (714) 863-9953 


Rancho Cordova 
TEL: (916) 638-5282 
San Diego 

TEL: (619) 565-9171 


Santa Clara 
TEL: (408) 727-2500 


Zeus, An Arrow Company 
San Jose 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


Irvine 
TEL: (714) 921-9000 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 


Alliance Electronics, Inc. 
Shelton 
TEL: (203) 926-0087 


Arrow/Schweber 
Wallingford 
TEL: (203) 265-7741 


Hamilton Hallmark 
Danbury 
TEL: (203) 271-2844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


TEL: (800) 52-HI-REL FLORIDA 
Arrow/Schweber 
CANADA Deerfield Beach 
Arrow/Schweber TEL: (305) 429-8200 


Burnaby, British Columbia 
TEL: (604) 421-2333 


Dorval, Quebec 
TEL: (514) 421-7411 


Nepan, Ontario 
TEL: (613) 226-6903 


Mississagua, Ontario 
TEL: (905) 670-7769 


Farnell Electronic Services 
Burnaby, British Columbia 
TEL: (604) 291-8866 


Calgary, Alberta 
TEL: (403) 273-2780 


Concord, Ontario 
TEL: (416) 798-4884 


V. St. Laurent, Quebec 
TEL: (514) 335-7697 


Nepean, Ontario 
TEL: (613) 596-6980 


Winnipeg, Manitoba 
TEL: (204) 786-2589 


Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 


Montreal 
TEL: (514) 335-1000 


Ottawa 
TEL: (613) 226-1700 


Vancouver, B.C. 
TEL: (604) 420-4101 


Toronto 
TEL: (905) 564-6060 


COLORADO 
Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 


Hamilton Hallmark 
Denver 
TEL: (303) 790-1662 


Colorado Springs 
TEL: (719) 637-0055 
Wyle Laboratories 
Thornton 

TEL: (303) 457-9953 


“ Field Application Assistance Available 


Lake Mary 
TEL: (407) 333-9300 


Hamilton Hallmark 
Miami 

TEL: (305) 484-5482 
Orlando 

TEL: (407) 657-3300 


Largo 
TEL: (816) 541-7440 


Wyle Laboratories 
Fort Lauderdale 
TEL: (305) 420-0500 


St. Petersburg 
TEL: (813) 576-3004 


Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


GEORGIA 


Arrow/Schweber 
Duluth 
TEL: (404) 497-1300 


Hamilton Hallmark 
Atlanta 
TEL: (404) 623-5475 


Wyle Laboratories 
Duluth 
TEL: (404) 441-9045 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


ILLINOIS 


Alliance Electronics, Inc. 
Vernon Hills 
TEL: (708) 949-9890 


Arrow/Schweber 
Itasca 
TEL: (708) 250-0500 


Hamilton Halimark 
Chicago 

TEL: (708) 860-7780 
Newark Electronics, Inc. 
Chicago 

TEL: (312) 907-5436 


Wyle Laboratories 
Addison 

TEL: (708) 620-0969 

Zeus, An Arrow Company 
Itasca 

TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


INDIANA 


Arrow/Schweber 
Indianapolis 
TEL: (317) 299-2071 


Hamilton Hallmark 
Indianapolis 

TEL: (317) 872-8875 

Zeus, An Arrow Company 
TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


IOWA 


Arrow/Schweber 
Cedar Rapids 
TEL: (319) 395-7230 


Hamilton Hallmark 

Cedar Rapids 

TEL: (319) 362-4757 

Zeus, An Arrow Company 


TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KANSAS 


Arrow/Schweber 
Lenexa 

TEL: (913) 541-9542 
Hamilton Hallmark 
Kansas City 

TEL: (913) 888-4747 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MARYLAND 


Arrow/Schweber 
Columbia 
TEL: (301) 596-7800 


Hamilton Hallmark 
Baltimore 
TEL: (410) 988-9800 


Wyle Laboratories 
Columbia 

TEL: (410) 312-4844 

Zeus, An Arrow Company 
TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


MASSACHUSETTS 
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Alliance Electronics, Inc. 
Winchester 
TEL: (617) 756-1910 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Gerber 

Norwood 

TEL: (617) 769-6000 


Hamilton Hallmark 
Peabody 

TEL: (508) 532-9893 
Wyle Laboratories 


Burlington 
(617) 272-7300 
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Zeus, An Arrow Company 
Wilmington, MA 

TEL: (508) 658-4776 

TEL: (800) HI-REL 


MICHIGAN 


Arrow/Schweber 
Livonia 

TEL: (313) 462-2290 
Hamilton Hallmark 
Detroit 

TEL: (313) 347-4271 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


MINNESOTA 


Arrow/Schweber 
Eden Prarie 
TEL: (612) 941-5280 


Hamilton Hallmark 
Minneapolis 
TEL: (612) 881-2600 


Wyle Laboratories 
Minneapolis 

TEL: (612) 853-2280 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


MISSOURI 


Arrow/Schweber 
St. Louis 
TEL: (314) 567-6888 


Hamilton Hallmark 
St. Louis 
TEL: (314) 291-5350 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


NEW JERSEY 


Arrow/Schweber 
Marlton 
TEL: (609) 596-8000 


Pinebrook 
TEL: (201) 227-7880 


Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 


Parsippany 

TEL: (201) 515-1641 
Wyle Laboratories 
Mt. Laurel 

TEL: (609) 439-9110 


Pine Brook 
TEL: (201) 882-8358 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NEW MEXICO 


Hamilton Hallmark 
Albuquerque 
TEL: (505) 828-1058 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


NEW YORK 


Alliance Electronics, Inc. 
Binghamton 
TEL: (607) 648-8833 


Huntington 
TEL: (516) 673-1930 


Arrow/Schweber 
Farmingdale 
TEL: (516) 293-6363 


Hauppauge 
TEL: (516) 231-1000 


Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 


Rochester 
TEL: (716) 427-0300 


Hamilton Hallmark 
Long Island 
TEL: (516) 434-7400 


Rochester 
TEL: (716) 475-9130 


Ronkonkoma 
TEL: (516) 737-0600 


Zeus, An Arrow Company 
Pt. Chester 

TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NORTH CAROLINA 
Arrow/Schweber 


Raleigh 
TEL: (919) 876-3132 


EMC 
Charlotte 
TEL: (704) 394-6195 


Hamilton Hallmark 
Raleigh 

TEL: (919) 872-0712 

Zeus, An Arrow Company 
TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


OHIO 

Alliance Electronics, Inc. 
Dayton 

TEL: (513) 433-7700 
Arrow/Schweber 


Solon 
TEL: (216) 248-3990 


Centerville 
TEL: (513) 435-5563 


EMC 
Columbus 
TEL: (614) 299-4161 


Hamilton Halimark 
Cleveland 
TEL: (216) 498-1100 


Columbus 
TEL: (614) 888-3313 


Dayton 

TEL: (513) 439-6735 
Toledo 

TEL: (419) 242-6610 

Zeus, An Arrow Company 
TEL: (708) 595-9730 

TEL: (800) 52-HI-REL 


OKLAHOMA 


Arrow/Schweber 
Tulsa 
TEL: (918) 252-7537 


Hamilton Hallmark 
Tulsa 
TEL: (918) 254-6110 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


OREGON 


Almac/Arrow 
Beaverton 
TEL: (503) 629-8090 


Hamilton Hallmark 
Portland 
TEL: (503) 526-6200 


Wyle Laboratories 
Beaverton 
TEL: (503) 643-7900 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


PENNSYLVANIA 


Arrow/Schweber 
Pittsburgh 
TEL: (412) 963-6807 


Hamilton Hallmark 
Pittsburgh 
TEL: (412) 281-4150 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


TEXAS 


Alliance Electronics, Inc. 
Carrollton 
TEL: (214) 492-6700 


North American Authorized Distributors (Continued) 


Arrow/Schweber 
Austin 
TEL: (512) 835-4180 


Dallas 
TEL: (214) 380-6464 


Houston 

TEL: (713) 647-6868 
Hamilton Hallmark 
Austin 

TEL: (512) 258-8848 


Dallas 
TEL: (214) 553-4300 


Houston 
TEL: (713) 781-6100 


Wyle Laboratories 
Austin 
TEL: (512) 345-8853 


Houston 
TEL: (713) 879-9953 


Richardson 
TEL: (214) 235-9953 


Zeus, An Arrow Company 
Carrollton 

TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


UTAH 


Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 


Hamilton Hallmark 
Salt Lake City 
TEL: (801) 266-2022 


Wyle Laboratories 

West Valley City 

TEL: (801) 974-9953 

Zeus, An Arrow Company 
TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


WASHINGTON 


European Sales Offices and Representatives 


European Sales Headquarters 


Harris S.A. 

Mercure Center 

Rue de la Fusee 100 
B-1130 Brussels, Belgium 
TEL: 32 2 72421 11 

FAX: 32 2 724 2205/...09 


* Field Application Assistance Available 


AUSTRIA 


Eurodis Electronics GmbH 
Lamezanstrasse 10 

A - 1232 Vienna 

TEL: 43 1 61062-0 

FAX: 43 1610625 


Almac/Arrow 
Bellevue 
TEL: (206) 643-9992 


Hamilton Hallmark 
Seattle 
TEL: (206) 881-6697 


Wyle Laboratories 
Redmond 

TEL: (206) 881-1150 

Zeus, An Arrow Company 
TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


DENMARK 
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Delco AS 

Titangade 15 

DK - 2200 Copenhagen N 
TEL: 45 35 82 12 00 
FAX: 45 35 82 12 05 
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WISCONSIN 
Arrow/Schweber 


Brookfield 
TEL: (414) 792-0150 


Hamilton Hallmark 
Milwaukee 
TEL: (414) 780-7200 


Wyle Laboratories 
Waukesha 
TEL: (414) 521-9333 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


Harris Semiconductor 


Chip Distributors 
Chip Supply, Inc. 
7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 


Elmo Semiconductor Corp. 
7590 North Glenoaks Blvd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 

FAX: (818) 767-7038 


Minco Technology Labs, Inc. 
1805 Rutherford Lane 

Austin, TX 78754 

TEL: (512) 834-2022 

FAX: (512) 837-6285 


Puerto Rican 


Authorized Distributor 
Hamilton Hallmark 
TEL: (809) 731-1110 


South American 


Authorized Distributor 
Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 


BRASIL 
Graftec Electronics 


Av. Moema 538 
04077-022 Sao Paulo - SP 
Brasil 

TEL: 011 55 11 572 2727 
FAX: 011 55 11 575 7519 


FINLAND 
J. Havulinna & Son 
Reinikkalan Kartano 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 
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European Sales Offices and Representatives (Continued) 


FRANCE 


Harris Semiconducteurs SARL 


* 2-4, Avenue de l'Europe 


F - 78941 Velizy Cedex 

TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 


GERMANY 


Harris Semiconductor GmbH 


* Putzbrunnerstrasse 69 


D-81739 Munchen 
TEL: 49 89 63813-0 
FAX: 49 89 6377891 


Harris Semiconductor GmbH 
Kieler Strasse 55-59 

D-25451 Quickborn 

TEL: 49 4106 50 02-04 

FAX: 49 4106 6 88 50 


Harris Semiconductor GmbH 
Wegener Strasse, 5/1 

D - 71063 Sindelfingen 

TEL: 49 7031 8 69 40 

FAX: 49 7031 87 38 49 


Ecker Michelstadt GmbH 
In den Dorfwiesen 2A 
Postfach 33 44 

D - 64720 Michelstadt 
TEL: 49 6061 22 33 

FAX: 49 6061 50 39 


Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 60 65 
FAX: 49 2502 18 89 


FINK Handelsvertretung 
Laurinweg, 1 

D - 85521 Ottobrunn 
TEL: 49 89 6 09 70.04 
FAX: 49 89 6 09 81 70 


Hartmut Welte 
Hepbacher Strasse 11A 
D - 88677 Markdorf 
TEL: 49 7544 7 25 55 
FAX: 49 7544 7 25 55 


ISRAEL 
Aviv Electronics Ltd 
Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


European Authorized Distributors 
AUSTRIA 


Avnet E2000 GmbH 
Waidhausenstrasse 19 
A- 1140 Wien 

TEL: 43 1 9112847 
FAX: 43 1 9113853 


EBV Elektronik 
Diefenbachgasse 35/6 
A - 1150 Wien 

TEL: 43 1 8941774 
FAX: 43 1 8941775 


Eurodis Electronics GmbH 
Lamezanstrasse 10 

A - 1232 Wien 

TEL: 43 1 610620 

FAX: 43 1610625 


Spoerle Electronic 
Heiligenstadter Str. 52 
A - 1190 Wien 

TEL: 43 1 31872700 
FAX: 43 1 3692273 


BELGIUM 


* 


* 


* Field Application Assistance Available 


Diode Belgium 
Keiberg II 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 


EBV Elektronik 
Excelsiorlaan 35 

B - 1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


Eurodis Texim Electronics 
* Avenue des Croix de 

Guerre 116 

B - 1120 Brussels 

TEL: 32 2 247 49 69 

FAX: 32 2 215 81 02 


DENMARK 
Avnet Nortec 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 42 84 2000 
FAX: 45 44 92 1552 


Ditz Schweitzer 
Vallensbaekvej 41 
Postboks 5 

DK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 


FINLAND 
Avnet Nortec 


Italahdenkatu, 18 

SF - 00210 Helsinki 
TEL: 358 061 318250 
FAX: 358 069 22326 


Bexab 

Sinimaentie 10C 

P.O. Box 51 

SF - 02630 ESPOO 
TEL: 358.0.50 23 200 
FAX: 358.0.50 23 294 


ITALY 
Harris SRL 
* Viale Fulvio Testi, 126 


|-20092 Cinisello Balsamo, 
(Milan) 
TEL: 39 2 262 07 61 
(Disti & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 
FAX: 39 2 262 22 687 (Disti) 
39 2 262 22 158 (ROSE) 


NETHERLANDS 


Harris Semiconductor SA 
Benelux OEM Sales Office 
Mercuriusstraat 40 

NL - 5345 LX Oss 

TEL: 31 4120 38561 

FAX: 31 4120 34419 


SPAIN 


Elcos S.L. 

C/Avda. Europa, 30 1 B-A 
Spain 28224 Pozuelo de Alarcon 
Madrid 

TEL: 34 1 352 3052 

FAX: 34 1 352 1147 


TURKEY 


EMPA 

Besyol Londra Asfalti 

TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 

FAX: 90 1 599 3059 


FRANCE 
3D 


* 


* 
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Z| des Glaises 

6/8 rue Ambroise Croizat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 


Arrow Electronique 
73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis 

TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 05 96 


Avnet EMG France 

79, Rue Pierre Semard 
F-92320 Chatillon Sous Bagneux 
TEL: 33 1 49 65 25 00 

FAX: 33 1 49 65 25 39 


CCl Electronique 

5, Rue Marcellin Berthelot 
Zone Industrielle D'Antony 
BP 92 

F - 92164 Antony Cedex 
TEL: 33 1 46 74 47 00 
FAX: 33 1 40 96 92 26 
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UNITED KINGDOM 
Harris Semiconductor Ltd 


Riverside Way 
Camberley 

Surrey GU15 3YQ 
TEL: 44 276 686 886 
FAX: 44 276 682 323 


Laser Electronics 
Ballynamoney 
Greenore 

Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 


Comtech House 
Redgate Road 
South Lancashire Indust. Estate 
Ashton-In-Makerfield 
Wigan WN4 8DT 
TEL: 44 942 274731 
FAX: 44 942 274732 


Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 555 751566 
FAX: 44 555 751562 


Harris Semiconductor 
Chip Distributors 


Edgetek/Rood Tech 
Zai De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 69 28 43 96 
TWX: 600333 


Elmo 

Z. A. De La Tuilerie 

B. P. 1077 

78204 Mantes-La-Jolie 
TEL: 33 1 34 77 16 16 
FAX: 33 134 77 95 79 
TWX: 699737 


Hybritech CM (HCM) 

7, Avenue Juliot Curie 

F - 17027 LA Rochelle Cedex 
TEL: 33 46 45 12 70 

FAX: 33 46 45 04 44 

TWX: 793034 


EASTERN COUNTRIES 


HEV GmbH 
Alexanderplatz 6 

D - 10178 Berlin 
TEL: 49 30 2483400 
FAX: 49 30 2483424 


European Authorized Distributors (Continued) 


GERMANY 
Avnet/E2000 


Stahligruberring, 12 
D - 81829 Munchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 


EBV Elektronik GmbH 
Hans-Pinsel-Strasse 4 

D - 85540 Haar-bei-Minchen 
TEL: 49 89 45610-0 

FAX: 49 89 464488 


Eurodis Enatechnik 
Electronics GmbH 
Pascalkehre, 1 

D - 25451 Quickborn 
P.B. 1240 

D - 25443 Quickborn 
TEL: 49 4106 701-0 
FAX: 49 4106 701 268 


Indeg Industrie Elektronik 
Emil K6mmerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 

D - 66924 Pirmasens 

TEL: 49 6331 9 40 65 

FAX: 49 6331 9 40 64 


Sasco Semiconductor 
GmbH 

Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn-bei- 
Munchen 

TEL: 49 89 46 11-0 

FAX: 49 89 46 11-270 


Spoerle Electronic 
Max-Planck Strasse 1-3 
D - 63303 Dreieich-bei- 
Frankfurt 

TEL: 49 6103 3 04-0 
FAX: 49 6106 3 04-201 


* 


GREECE 
Semicon Co. 
104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 
Aviv Electronics 
Hayetzira Street 4, Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


ITALY 
EBV Elektronik 
* Via C. Frova, 34 
I - 20092 Cinisello Balsamo (MI) 
TEL: 39 2 660 17111 
FAX: 39 2 660 17020 


Eurelettronica 

Via Enrico Fermi, 8 

I - 20090 Assago (MI) 
TEL: 39 2 457 841 
FAX: 39 2 488 02 75 


* Field Application Assistance Available 


Lasi Elettronica 
Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 10 13 70 
FAX: 39 2 66 10 13 85 


Silverstar 

Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 12 51 
FAX: 39 2 66 10 13 59 


NETHERLANDS 

* Auriema Nederland BV 
Beatrix de Rijkweg 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 502602 
FAX: 31 40 510255 


Diode Spoerle 

Coltbaan 17 

NL - 3439 NG Nieuwegein 
TEL: 31 3402 912 34 
FAX: 31 3402 359 24 


Diode Spoerle 

Postbus 7139 

NL - 5605 JC Eindhoven 
TEL: 31 40 54 54 30 
FAX: 31 40 53 55 40 


EBV Elektronik 
Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 623 53 

FAX: 31 3465 642 77 


* 


* 


NORWAY 
Avnet Nortec 
Smedsvingen 4B 
Box 123 
N - 1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 


PORTUGAL 
Amitron-Arrow 
Quinta Grande, Lote 20 
Alfragide 
P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SPAIN 
Amitron-Arrow S.A. 
Albasanz, 75 
SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 


EBV Elektronik 
Calle Maria Tubau, 6 
SP - 28049 Madrid 
TEL: 34 1 358 86 08 
FAX: 34 1 358 85 60 


* 


SWEDEN 
Avnet Nortec 
Englundavagen 7 
P.O. Box 1830 
S - 171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


Bexab Sweden AB 
P.O. Box 523 
Kemistvagen, 10A 

S - 183 25 Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 


SWITZERLAND 
Avnet E2000 AG 
Boehirainstrasse 11 
CH - 8801 Thalwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 


Basix Fur Elektronik 
Hardturmstrasse 181 
CH - 8010 Zurich 
TEL: 41127611 11 
FAX: 41 1 2761234 


EBV Elektronik 
Vordstadtstrasse 37 
CH - 8953 Dietikon 
TEL: 41 1 7401090 
FAX: 41 1 7415110 


Eurodis Electronic AG 
Bahnstrasse 58/60 

CH - 8105 Regensdorf 
TEL: 41 1 84 33 111 
FAX: 41 18433910 


Fabrimex Spoerle 
Kirchenweg 5 

CH - 8032 Zurich 
TEL: 41 1 38 68 686 
FAX: 41 1 38 32379 


* 


TURKEY 
EMPA 


Besyol Londra Asfalti 

TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 

FAX: 90 1 599 3059 


UNITED KINGDOM 
Arrow-Jermyn Electronic 
Vestry Industrial Estate 
Sevenoaks 
Kent TN14 5EU 
TEL: 44 732 743743 
FAX: 44 732 451251 


Avnet Emg 

Jubilee House, Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
TEL: 44 462 488500 

FAX: 44 462 488567 


Farnell Electronic 
Components 

Armley Road, Leeds 
West Yorkshire LS12 2QQ 
TEL: 44 532 790101 

FAX: 44 532 633404 


Farnell Electronic 
Services 

Edinburgh Way. 
Harlow 

Essex CM20 2DE 
TEL: 44 279 626777 
FAX: 44 279 441687 
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Micromark Electronics 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 
TEL: 44 628 76176 
FAX: 44 628 783799 


Thame Components 

Thame Park Rd. 

Thame, Oxfordshire OX9 3UQ 
TEL: 44 844 261188 

FAX: 44 844 261681 


Harris Semiconductor 


Chip Distributors 
Die Technology Ltd. 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TWX: 668570 


Rood Technology 

Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 

FAX: 44 420 87259 

TWX: 21137 


South African 
Authorized Distributor 
TRANSVAAL 

Allied Electronic Components 

10, Skietlood Street 

Isando, Ext. 3, 1600 

P.O. Box 69 

Isando, 1600 

TEL: 27 11 392 3804/. . .19 

FAX: 27 11 974 9625 

FAX: 27 11 974 9683 


Asian Pacific 
Sales Offices and 
Representatives 


NORTH ASIA 
Sales Headquarters 
JAPAN 
Harris K.K. 
Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 
TEL: (81) 3-3265-7572 (Sales) 
FAX: (81) 3-3265-7575 
SOUTH ASIA 
Sales Headquarters 
HONG KON 
Harris Semiconductor H.K. Ltd. 


13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
TEL: (852) 723-6339 
FAX: (852) 739-8946 
TLX: 78043645 


AUSTRALIA 
VSI Electronics Pty, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 
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Asian Pacific Sales Offices and Representatives (Continued) 


INDIA 
Intersil Private Limited 
Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 


KOREA 
Harris Semiconductor YH 
RM #419-1 
Korea Air Terminal Bidg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 


Inhwa Company, Ltd. 
Room #305 

Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 

TEL: 822-279-3614 

FAX: 822-272-6496 


PHILIPPINES 
Intergral Silicon Solution, Inc. 
6th Floor Peakson Bidg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 
TEL: 632-786652 
FAX: 632-786731 


SINGAPORE 
Harris Semiconductor Pte Ltd. 


105 Boon Keng Road 
#01-18/19 Singapore 1233 
TEL: (65) 291-0203 

FAX: (65) 293-4301 

TLX: RS36460 RCASIN 


Asian Pacific Authorized Distributors 


AUSTRALIA 
VSI Electronics Pty, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


CHINA 
Means Come Ltd. 
Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Hom, Kowloon 
TEL: (852) 334-8188 
FAX: (852) 334-8649 


Sunnice Electronics Co., Ltd. 


Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 

TEL: (852) 790-8073 

FAX: (852) 763-5477 


HONG KONG 
Array Electronics Limited 
24/F., Wyler Centre 
Phase 2 
200 Tai Lin Pai Road 
Kwai Chung 
New Territories, H.K. 
TEL: (852) 418-3700 
FAX: (852) 481-5872 
Inchcape Industrial 
10/F, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwai Fong 
New Territories 
TEL: (852) 410-6555 
FAX: (852) 401-2497 


Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 
Hi-Tech Ind. Centre 

5-12 Pak Tin Par St., 

Tsuen Wan 

New Territories, H.K. 

TEL: (852) 499-3109 

FAX: (852) 417-0961 


JAPAN 
Hakuto Co., Ltd. 


1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 

TEL: 81-3-3355-7615 

FAX: 81-3-3355-7680 
Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 

TEL: 03-3348-0611 

FAX: 03-3348-0623 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 045-939-6116 

FAX: 045-939-6117 


Micron, Inc. 

DJK Kouenji Bldg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 03-3317-9911 

FAX: 03-3317-9917 


Okura Electronics Co., Ltd. 
Okura Shoji Bidg. 

2-3-6, Ginza Chuo-ku, 
Tokyo 104 

TEL: 03-3564-6871 

FAX: 03-3564-6870 


Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 

Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6696 

FAX: 03-3357-5034 


KOREA 
KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 


* Field Application Assistance Available 


GS Technology Pte, Ltd. 
Block 5073 #02-1656 

Ang Mo Kio Industrial Park 2 
Singapore 2056 

TEL: (65) 483-2920 

FAX: (65) 483-2930 


TAIWAN 
Harris Semiconductor 


Room 1101, No. 142, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan 

TEL: (886) 2-716-9310 
FAX: 886-2-715-3029 
TLX: 78525174 

Acer Sertek Inc. 

3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 

TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 


Inhwa Company, Ltd. 
Room #305 

Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


NEW ZEALAND 
Components and 
Instrumentation NZ, Ltd. 
19 Pretoria Street 
Lower Hutt 
P.O. Box 38-099 
Wellington 
TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 


PHILIPPINES 
Intergrai Silicon Solution, Inc. 
6th Floor Peakson Bidg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 
TEL: 632-786652 
FAX: 632-786731 


SINGAPORE 
B.B.S Electronics Pte, Ltd. 
1 Genting Link 
#05-03 Perfect Indust. Bldg. 
Singapore 1334 
TEL: (65) 748-8400 
FAX: (65) 748-8466 


Device Electronics Pte, Ltd. 
605B MacPherson Road 
04-12 Citimac Ind. Complex 
Singapore 1336 

TEL: (65) 288-6455 

FAX: (65) 287-9197 
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Applied Component Tech. 
Corp. 

8F No. 233-1 

Pao-Chia Road 

Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 

TEL: (886) 2 9170858 

FAX: 886 2 9171895 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 

FAX: 886-2-708-7901 

TECO Enterprise Co., Ltd. | 
10FL., No. 292 | 
Min-Sheng W. Rd. 

Taipei, Taiwan 

TEL: (886) 2-555-9676 

FAX: (886) 2-558-6006 


Willas - Array Pte, Ltd. 
40 Jalan Pemimpin 
#04-03B Tat Ann Building 
Singapore 2057 

TEL: (65) 353-3655 

FAX: (65) 353-6153 


TAIWAN 


Acer Sertek Inc. 

3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 

TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 


Applied Component 
Technology Corp. 

8F No. 233-1 

Pao-Chial Road 

Hsin Tien City, Taipei Hsein, 
Taiwan, R.O.C. 

TEL: (02) 9170858 

FAX: (02) 9171895 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 

FAX: 886-2-708-7901 


TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. Rd. 
Taipei, Taiwan 

TEL: (886) 2-555-9676 

FAX: (886) 2-558-6006 


We're Backing You Up with 


Signal Processing 
¢ Linear 
* Custom Linear | 
* Data Conversion 
¢ Interface 
* Analog Switches 
¢ Multiplexers 
¢ Filters 
© USE. 

© Telecom 


Power Products 

* Power MOSFETs 

* IGBTs — 

a, Ot 

- Bipolar 

* Transient,Voltage 
Suppressors 

* MOVs: 

* Rectifiers 

* Surgectors 

* MLVs 

-. Intelligent Discretes 


-DB304.1, 


Intelligent Power 

* Power ICs 

* Power ASICs 

* Hybrid Programmable 
Switches i 

* Full-Custom High 
Voltage ICs 


Military/Aerospace Products 
* Microprocessors and 
Peripherals 
« Memories 
* Analog ICs 
* Digital ICs 
¢ Discrete Power 
 - Bipolar 
- MOSFET 
- IGBTs 
- MOVs 


ASICs 

¢ Full-Custom 

* Analog Semicustom 

* Mixed-Signal 

* ASIC Design Software - 


Products, Support, and Solutions! 


Digital 


CMOS Microprocessors 
and Peripherals 

CMOS Microcontrollers 
CMOS Logic 


Rad-Hard Products 


") HARRIS 
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Microprocessors and | 
Peripherals 
Memories 

Analog ICs 

Digital ICs 

Discrete Power 

- Bipolar 

- MOSFET 

ASICs 

ESA SCC 9000 and 
Class S Screening 


Military/Aerospace Programs 


Strategic and Space 
Programs 
Military ASIC Programs . 
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